


Research
Instrument

The human ear must be one of the oldest
research instruments in the business. Yet many of the
ultra-modern Marconi instruments used in today's
most advanced research projects owe a debt to it.

At mi, you see, we don't believe in Ivory Towers.
So we ponder the constant feedback of information
from you through our sales engineers far and wide,
and keep our ear to the grounds of component
technology and measurement trends throughout
the world.

Requests, suggestions, remarks, ideas.....they all
lead us to what you are going to need-or they
reveal possible new approaches to the solutions of
those needs.

We have our ears in all the national and inter-
national committees of measurement standards and
recommendations too.

We even lend sympathetic ears to you who need
special equipment-and lend ears to PTT authorities,
broadcast authorities and defence departments
who often set the trends for new standards.

Allmlinstrument specifications are the result cf
this constant research -specialized PC.M.test gear,
low cost versatile signal generator TF 2015, new
generation HF spectrum analyser, automatic TV
transmitter monitor-. ...

Be one of the heard-talk to us!

Were listening.

@
M : THE GOOD LISTENERS

MARCONI INSTRUMENTS LIMITED
Longacres * St. Albans * Hertfordshire AL4 0JN * England * Telephone: St. Albans 59292 * Telex: 23350

A GEC-Marconi Electronics company.
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LOW COST VOLTMETERS

These highly accurate instruments incorporate many use-
ful features, including long battery life. All A type models
1 n

have 33" scale meters, and case sizes5”x7"x 5. B types
have 5" mirror scale meters and case sizes 7" x 10" x 6.

A.C. MICROVOLTMETERS

VOLTAGE & db RANGES : 15uV, 50V, 150 4V ... 500V f.s.d.
Acc. +1% +1%f.s.d. + 1 uVatl kHz. - 100, - 90... 4 50dB,
scale — 20dB/+ 6dB rel. to 1mW/600Q.

RESPONSE: + 3dB from1 Hzto 3MHz, 4+ 0-3dB

from4Hzto 1 MHz above 500 uV. Type TM3B can be

setto arestricted B.W. of 10Hzto 10 kHz or 100 kHz.
INPUTIMPEDANCE: Above 50mV : > 4. 3M{) < 20pf.

On 50 uVto50mV : > 5MQ) < 50pf.

AMPLIFIER OUTPUT: 150mV atf.s.d.

v £62 . £77

BROADBAND VOLTMETERS

H.F. VOLTAGE & dB RANGES: 1mV,3mV,10mV ... 3Vfs.d.
Acc. + 4% + 1% of f.s.d. at 30MHz. — 50dB, — 40dB, — 30dB
to + 20dB. Scale — 10dB/+ 3dB rel. to 1mW/50 Q. 4+ 0-7dB
from 1MHz to 50MHz. + 3dB from 300kHz to 400MHz.

L.F.RANGES: As TM3 except for the omission of 15uV and 150 V.

AMPLIFIER OUTPUT: Square wave at 20Hz on H.F. with
amplitude proportional to square of input. AsTM3 on L.F.

v £108 . £120

D.C. MICROVOLTMETERS

VOLTAGE RANGES: 30uV,100uV,300uV ... 300V.

Acc. +1%, + 2% f.s.d., + 1 uV. CZscale.

CURRENT RANGES: 30 pA, 100 pA, 300 pA, 300 mA.

Acc. + 2%, + 2% f.s.d., + 2 pA. CZ scale.

LOGARITHMIC RANGE:

+ 5uVat + 10%f.s.d., £ 5mVat + 50%f.s.d., £ 500 mV atf.s.d.
RECORDER OUTPUT: 4 1Vatfsd. into > 1kQ)

v £0D

D.C. MULTIMETERS

VOLTAGE RANGES:3uV,10uV, 30uV... . 1kV.
Acc. £ 1% + 1%fs.d £ 0-1uV.LZ & CZ scales.

CURRENT RANGES: 3pA, 10pA, 30pA ... 1TmA (1A for TMSBP)
Acc. + 2% + 1%f.s.d. £ 0-3pA. LZ & CZscales.

RESISTANCE RANGES:3(),10(,30 Q... 1kM Q linear.
Acc. + 1%, + 1% f.s.d.upto 100M Q.

RECORDER OUTPUT:1Vatfs.d.into > 1k Qon LZranges.

wn£90 3 £105 5. £110
TM9A TM9B TM9BP

LEVELL ELECTRONICS LTD. Prices include batteries and U.K. delivery. V.A.T. extra.

Moxon Street, High Barnet, Herts. EN5 5SD Optional extras are leather cases and mains power units.
Tel: 01-449 5028/440 868’6 ) Send for data covering our range of portable instruments.

WW-—039 FOR FURTHER DETAILS
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In subminiature switching, low cost needn’t mean low quality! That's the Get the full data on hardy,

message that British-made Arrow CT series carries round the world— home-grown Arrow CT sub-mins.

gaining ready acceptance wherever it goes. Those rugged little lever

switches pack maximum performance into minimum size and weight. Single /:I ' ” ARROW-HART (EUROPE) LTD.
jl’l;b[

and double pole versions with 2 or 3 way action, give a choice of levers in PLYMBRIDGE ROAD, ESTOVER,
bright chrome or seven colours. They meet ratings up to 2A at 250V ac, PLYMOUTH PL6 7PN, ENGLAND.
and with their C.S.A. and U.L. approvals they’ll help you show the flag. TEL: 0752 701155 Telex: 45340 Cables: ARROWHART PLYMOUTH

Arrow switches right across the panel

. . U. K. Distributors ITT ELECTRONIC SERVICES HARLOW--027-96 26777
om MU?&?:&'CSE ’lTﬁz::é‘;:‘; N RENEREWSHIRE—Johnstone 23457  LEIGH—Leigh 5211/2/3 SUTTON COLDFIELD—021-355 4511
Telephone - 0786 3823 | COMBINED ELECTRONIC SERVICES LTD. CROYDON—01-686 0505
eeponel S.A.S.C.O. LTD. CRAWLEY--0293 28700 GLASGOW—041-221 6152/3

WW-—040 FOR FURTHER DETAILS
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They couldnt be built better if
you built them yourself.

And you wouldnt get them any faster:

The two instruments yousce here,are available
assembled and tested. Which,coming from Heathkit
(the world’s largest makers of electronic kits) may
surprise you.

Infactit has very positive advantages.

To start with the instruments begin life in the same
way as kits. With exactly the same high degree of design
and engineering. So every component hasto be more
rugged and reliable than the componentsin run of the
mill instruments.

Then when we build them we don’t just stick them
onaproduction line. We hand build them. In precisely
the same way as you would if you bought a kit and built
it yourself.

And besides getting a more reliable and higher
quality instrument youllalso get it faster. Because we'll
make sure you get quick delivery.

The SR-255B Chart Recorder.

The SR-255B has pushbutton selection of four
calibrated spans:10mV,100mV, 1V and 10V full scale.
And its variable span capability further extends the range
to100V.1t’s got 10 digitally derived chart speeds too-

from10to0 0.01inches (or cm) per minute. Every one of

which can be instantly selected by the front panel switch.
The I'T-1121 Semiconductor Curve Tracer.
Connect the IT-1121 to an oscilloscope and it’ll

accurately display operating parameters, .. o, w o o-a

of virtually any type of semiconductor. | @ » W
Bipolar transistors,diodes, SCRes, ., Al
triacs, FETS. s & &

° i S
ATt evraeeren Ay Gamnre s

The IT-1121isalso extremely et
useful for identifying parameters L — S
of unknown semiconductors. You caneven compare
parameters of two transistors at the same time.

Connection to the scope is easy and a switch enables
fast, accurate scope calibration.

For more detailsand a complete catalogue on these
and otherinstruments,just post the coupon today.

Or callinat the London Heathkit Centre,

233 Tottenham Court Road,or at our Gloucester
showroom. Heath (Gloucester) Limited, Dept. WW-114,
Bristol Road, Gloucester GL2 6 EE.

Telephone: Gloucester (0452) 29451.

CraRT SPLED MCHET)
o2 o9

r To:Heath (Gloucester) Limited, Dept. WW-114, Gloucester, GL2 6EE. T LI ﬂl
Please send me my free Heathkit cataloguesof assembled modelsT] Kirs[] =i

| Y i

| Name S . - e o = — _— i 2= |

| Address ; o

| |

L -
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50/70 watt all silicon amplifier
with built-in 5-way mixer using F.E.T.’s.

SOUND SE

Wireless World, November 1974

VoRrey,
'oN
WAY-3q TOw A

VORTEXION Design and manufacture public address equipment to meet a range
of specific requirements for AIRPORTS, HOTELS, THEATRES, GOVERNMENT
AUTHORITIES, LOCAL AUTHORITIES, SUPERMARKETS, SCHOOLS, SPORTING COMPLEXES,
POP GROUPS AND THE LOCAL VILLAGE HALL.

The high fidelity amplifier illustrated has bass cut controls
on each of the three low impedance balanced line microphone
stages and a high impedance gram stage with bass and treble
controls, plus The usual line or tape input. All the input stages are
protected against overload by back to back low self capacity
diodes and alluse F.E.T.’s for low noise, low intermodulation
distortion and freedom from radio breakthrough.

A voltage stabilised supply is used for the pre-amplifiers
making it independent of mains supply fluctuations and another
stabilised supply for the driver stages is arranged to cut off when
the output is overloaded or over temperature. The output 1s75%
efficient and 100 V balanced line or 8-16 ohms output are selected
by means of a rear panel switch which has a locking plate
indicating the output impedance selected.

The mixer section has an additional emitter follower output
for driving a slave amplifier, phones or tape recorder, output
0.3 V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH
BUILT-IN 4-WAY MIXER using the circuit of our reliable 100
Watt Amplifier with its elaborate protection against short and
overload, etc. To this is allied our latest development of F.E.T.
Mixer Amplifier, again fully protected against overload and radio
breakthrough. The mixer is arranged for 2-30/60 Q balanced line
microphones, 1-HiZ gram input and 1-auxiliary input followed by
bass and treble controls. 100 volt balanced line output ORS5-15 Q
and 100 voltline.

100 WATT ALL SILICON AMPLIFIER. A high quality
amplifier with 8 ohms-15 ohms or 100 volt line output for A.C.
Mains. Protection is given for short and open circuit output over
driving and over temperature. Input 0.4 Von 100 K ohms.

THE 100 WATT MIXER AMPLIFIER with specification as
above is here combined with a 4-channel F.E.T. mixer. 2-30/60 Q
balanced microphone inputs, 1-HiZ gram input and l-auxiliary
input with tone controls and mounted in a standard robust stove
enamelled steel case. A stabilised voltage supply feeds the tone
controls and pre amps, compensating for a mains yoltage drop of
over 25 % and the output transistor biasing compensates for a
wide range of voltage and temperature. Also available in rack
panel form.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon
model with F.E.T. input stages to reduce intermodulation distortion
to a fraction of normal transistor input circuits. Standard model
1-low mic. balanced input and HiZ gram. Qutputs available
8/15 ohms OR 100 volt line.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier
for mains and 12 volt battery operation, charging its own battery
and automatically going to battery if mains fail. Protected inputs,
and overload and short circuit protected outputs for 8 ohms-

15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, | gram

and 3 low mic. inputs or 4 low mic. inputs.

200 WATT AMPLIFIER. Can deliver its full audio power at
any frequency in the range of 30 ¢/s-20 Kc/s. Can be used to drive
mechanical devices for which power 1s 120 watts on continuous
sine wave. Input 1 mW 600 ohms. Output 100-120 V or 200-240 V.
Additional matching transformers for other impedances are
available.

F.E.T. MIXERS and PPM’s. Various types of mixers
available. 3, 4, 6 and 8 channel with Peak Programme Meter.

4, 6, 8 and 10 Way Mixers. Twin 3, 4 and 5 channel Stereo, also
twin 4 and 5 channel Stereo with 2 PPM's.
o*

~ “"
| » | ““@4‘\0{\
1 L “‘ ,qo‘
\g

O
Vortexion Ltd., 257-263 The Broadway, “‘ aet
Wimbledon, SW19 1SF. o0% o
Telephone : 01-542 2814 and
01-542 6242/3/4. o0%
Telegrams : ‘Vortexion ‘O‘ <
London SW19”’ of°
o
Tl
§0*
o

@“ 1:&‘ e &

o <O
a®
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INTRODUCING A SPEAKER THAT SOUNDS TOO GOOD TO BE TRUE

Who else can offer infinite variable
control over all listening _
conditions and personal tastes. 4

ey > ; .

Embodied in the
LSL Revelation Il is a
bass response that can be
modified by a simple mechanical
adjustment converting the enclosure
from infinite baffle to a tuned vented
port. This, coupled with finger-tipped
electronic controls of both the midrange
and tweeter, makes the Revelation III,
without doubt, the most versatile unit available
today — at any price. The possibilities are infinite.
Tailor your own sound to complement your own
personal tastes and environment.

e

The three drive units are controlled by a
sophisticated cross-over network, researched by the
eminent Dr. A. R. Bailey of Bradford University and
specially designed to create a flat frequency
response whilst minimising transient distortion.

Panel resonance is minimised by a robust
hand made enclosure. Constructed with the world’s
finest materials and choicest veneers.

A 0

Distribution is restricted to
specialist dealers in order that
the potential customer
receives the demonstration
the speaker merits. Should
__you experience difficulty
locally, write to us for
further information
enclosing the nameand
address of your local
specialist dealer.

v "Technica! Specifications

Overall frequencyresponse......... 35 HZ-22000HZ.
Power Handling Capacity .......... 60 watts speech and
music power. 35 watts R.M.S

Impedence ... . Nominal 8 ohms. Minimal 6 ohms.
D-ive Units.
Tweeter ... _.... Soft domed h:gh frequency unit.
Midrange ......5”unit. Bass .......... 13” x 8” unit.

Leck of colour:sation and other forms of distortion
emabletheunittobeusedathighsoundlevelswithout
listener fatigue.

retail price

mnzummlon m
Loucgspeakers Limited £73.50 plus V.AT.

Braokroyd Mills, Br=dtord Road, Batley, Yorkshire. Tel. Batley 473646

Recommended

WW—027 FOR FURTHER L'ETAILS
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ANDERS IMEANS IMETERS...

PRESTIGE RANGE

® High accuracy and stability

Clear Sperry Display

Automatic zero-ing

High noise rejection (78 db CMR)

Extremely versatile

B Competitive prices.

Anders provide what is probably the largest Popular models and ranges are stocked in depth
range of meters available from a single source while a specially equipped instrument depart-
in Europe: MC/MI, dynamometer, vibrating ment enables swift production of non-standard
reed, electrostatic, etc. in over 100 case styles ranges and scales, to suit individual customer
and sizes, a few of which are shown below. requirements, in large or small quantities.

-

- Kestrel Clear Front. 7

models, 1:3” — 525"
scales. DC moving coil,
AC moving coil rectified,
AC moving iron.

&

Recorders 60 or 120 mm.
charts. Non-ink marking.
DC moving coil and AC
rectified.

models, 1-5”, 1-87, 2:77,
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

Profile 350 edgewise Stafford Long Scale 240°. Lancaster Long Scale

Regal Range 100° '
flattened arc. 2 models 4-3" scale. 6 models, 3-5"—11-5" 240°. 2 models, 47, 55’
2.5” and 3.2” scales. Taut DC moving coil and AC scales. DC moving coil, scales. DC moving coil
band. DC moving coil and moving coil rectified. AC moving coil rectified, and AC moving coil
AC moving coil rectified. Horizontal or vertical AC moving iron. Also 98 rectified.

mounting. scale.

Send for fully illustrated catalogue

m‘nﬁns ElEtlnnnlts I.lm“IEn 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U K. distributors of FRAHM Resonant Reed Frequency
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers’ requirements.

WW—076 FOR FURTHER DETAILS
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New automatic digital bridge
fromWayne Kerr

Autematic Brutge 8900

| +1 278.50F + 147 26mU «

Facitity

pvm "
c
%

Trim
LM R.H. ,——;"f’
@@ @7

Wayne Kerr's new B900 is one of the best Direct measurements of Q, dissipation and dc voits.
value-for-money bridges in the world. 2,3, & 4-terminal. Automatic lead compensation.

Itis universal, has a wide range, and gives 4- Quadrant: +veor —ve C,L,1/C,GandR.
immediate digital readout of resistive andreactive  Qverall coverage:
terms-simultaneously. 10 - 200MQ 1nH - 20kH

On alltenranges, for every type of measure- 0.001pF - 20,000uF 10puy - 200y
ment available, the displays provide a complete Accuracy: 0.1% (102 -200MQ), 0.3% (10mQ-10Q)
indication of the numerical value (up to 19999), in allquadrants. Frequency: 1kHz Outputs: Analogand TTL.
polarity,decimal points and units—automatically For more information phone Bognor (02433) 25811,
and in half a second. or fillin the coupon.

r—-——=—=—/=/=7/=/7/=====771

| Please send me details of the B90O.

I Company name and address

I
I For the attention of Mr I
|

WAYNE KERR

A member of the Wilmot Breeden group. e
Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex PO22 9RL

| N PN e R
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TYPICAL RESPONSE 260 mm HIGH PERFORMANCE DUAL (107)
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TYPICAL RESPONSE 310 mm HIGH PERFORMANCE DUAL (127)

v iEEEREL EEEESEE
MSEESERUSESEIBIERE I L)
HIGH POWER jS===riei=es SRR SR ,i
GIRDACOUSTIC BA=S =28 SSsaek Ssssi=s
CONE WITH HIGH | SEEEEEERISESE=tiSs
TEMPERATURE VOICE COIL g=SirEE: e Ssssts=:
AND TANOPLAS SURROUND J( ;_.5: = Lj‘_p_..‘_;: ESEses _i___l_f 1 ==
K INCREASED POWER HANDLING CAPACITY LE R A e SR
*H|GH TEMPERATURE VOICE COH_S TYPICAL RESPONSE 410 mm HIGH PERFORMANCE DUAL {15”)
3k GIRDACOUSTIC CONE FOR SMOOTHER A WO T e 10
RESPONSE (310 mm and 410 mm models only} Power Handiing Capacity | SOW 60w 8sW
*TANOPLAS SURROUND FOR H|GH Frequency Response 27-20,000 HZ|25-20,000 HZ |23-20,000 HZ
STAB”_'TY AND LOW BASS RESONANCE Intermodulation Products less than 2% | less than 2% | less than 2%
*IMPROVED AND UP-RATED g’]g::oavr:;en:itivork 5 osh(r)nhsmr:in.) (5 osh(r)nhsmrrsnn.) 5 gh(r)r:‘smr:in.)
CROSS-OVER NETWORK

% INTEGRATED PROGRAMME MATERIAL
ALL SPECIFICATIONS SUBJECT TO ALTERATION WITHOUT NOTICE

™\ TANNOY +

&l NORWOOD RD. WEST NORWOOD. SE 27. 01-670 1131

WW-—085 FOR FURTHER DETAILS
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Absolute- p»rfectnon’l s0,then dt Our unique glassivation process ensures
its brewing, temp=rature control especnal Iy ~t parametzr uniformity and stability for
the fermentaticn stage, must have been reliability and security.
equally perfect. There are standard ranges that operate
That's where the Thyristor comesin. up to 800V while the new MCR 80 series is
For in many of today's industrial tdeal for medium power industrial and
processes, speed of switching and security of consumer applications where-control of high
operation are as important as current and current is needed. These 80Amp devices have
voltage ratings. hermetic metal packaging and are available in
Motorola's Beam-Fired technology gives  three case styles.
you a typical di/dt of 1000A/us—speed that Sc Motorola's thyristors give you the range
comesfromoptimumcathodeshunt placement,  you need (from .5 to 800A and from 2.5V to
integrated gate cascade driver stages and 1500V, as well as SCR, and Triacs)—and speed
simultaneous, large area, multi-gate turn-on. and the security that industry demands today.

Q MOTOROLA Semiconductors
Motorola Semiconductors Ltd., York House, Empire Way, Wembley.
Tel: 01-902 8836.
European manufacturing facilities at Toulouse and East Kilbride.

Distributors: Celdis Ltd. Tel: Reading 582211, East Kilbride 35888,

G.D.S.(Sales) Ltd., Tel: Slough 30211, Dublin 782232,
Jermyn, Tel: Sevenoaks 51174.

Lock Distribution: Oldham, Tel: 061-652 0431
Semicomps Ltd., Wembiey, Tel: 01 903 3161.

WW—044 FOR FURTHER DETAILS
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EF standards are y
difficultto ///
measure up to - 4

You associate the KEF badge with superlative speaker performance. But how about / Piease send me

the bookshelf models . .. Chorale, Cantor, Coda? You may think that space-saving /7 detailed literature
on C series speakers,

inevitably means abandoning those high KEF standards. You would be very wrong. / floor-standing Concerto,

From floor-standing Concerto to the small Coda, KEF design engineers have Cadenza, and shelf-
aimed for the same ideal. Every model gets the same care, same attention / mounting Cr{orale, Cantor
to detail, same insistence on superior materials. Every speaker is tested / and Coda.
and tested again for absolute consistency. Size for size, few speakers /

can measure up to KEF C series. And with a choice of five models, / Name

there is a KEF speaker to fit your room and your budget. So which C /

series speakers are yours? // Soehess

7/
» // & ) ww11/7;1
the Speaker 7/’ &R KEF Electonics Limited

englneers / Tovil Maidstone Kent ME15 6QP

KE F / Telephone 0622 57258 Telex 96140

WW-—028 FOR FURTHER DETAILS /
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TBA 800-TBA 820

Cost saving audio power amplifiers

TBA 830 anc TBA 820 are much-
copled high performance audio circuits,
developed and patented by
SGES-ATES. They are important new
low-cost designs for low frequency
stages in radio record player and TV
equ pment. ard allow the component
cout to be reduced by more
than 50% compared with discrete
component audia circuits.
Corsiderasle savings can be made
on -otal compgonent cost, gtorage
cost and &ssem.bly time, with
increased performance and reliability.
Boty devices are available in voiume,
ex-stock.

TBA 800: 5W at 24V/16Q2

The gerformance, versatility anc
easy applcatan of TBA 800 have made
it the natural choice for the audio
stage in tie most advanced colour TV
sets mancfaciured in Europe today.
Providing a guaranteed 4.4W (min.}
outout pcwer at 24V/16Q), it works
with a supply voltage up to 30V and

‘eatures high =fficiercy (70% at 4W
sutput) amc very lom harmonic cistortion
without cross-over sroblems.
The adciticn of a ccmplementary
raasistcr output stage will allow power
output of 15W.

its high current tandiing
capabilizy ¢output peak current 2A)
mzkes it suitable for non-audio
apolicaticns such a5 vertical
ce’lectior. in large screen B&W TV
sets, or ‘or criving very high power
systems. Tae TBA 8CO is mounted in &
12-lead cuad in-lime package, original’y
introduced by SGS-ATES, and row an
industry standard. The extermal cooling
tabs of ths nackage enable 2 5W to
be diss pazed without external heat
sink, whise up to 5% can be dissipated
us.ng only_a small par: of the printed
circuit coppe- arez as heat sink.

TBA 800: dissipation

znc efficiency vs. cutput power
=

TBA 820: 2W at 12v/8 (©

" At only £ 0.70 100-9983, the TBA 820
is a low cost, high performznce &.dio
amplifier. It is specifically designed for
sortable, battery-operated rzdios, TV
receivers, cassettz tape recorders and
record players.

Working with supply voltages
ranging from 3V to 16V, its low cur-ent
drain, freedom from motor-boatirg
and absence of cross-cver distorton
make it the perfect choice for a large
variety of applications, including:
intercom systems
staff location sysiems
two-way radios
telephone monitoring amplifiers
ultrasonic door apeners
inductive transmitters and receivers.
The TBA 820 comes in a 14-lead dual
in-line (or quad in-line) plastic package.

TBA 320: out put powar
vs. supply woltage

{United Kingdom) Lxd.

Distributors in tha UK. Distronic Ltd., Haow, DZ795-32947 -
mingham, @21-3584301 - ITT Electronic S=zrvicés. Har ow. (R79€-26777 - 3

Ltd.. Derby 32€5°,

0 1 2

16 &V}

Elestranic Conponent Suppiies Ltd. Windsor, 07535-68101 - Hawnt Electronics Lid.. Bir-
ZL Eguipment & Components Ltd., Hitchen, 0462-50551 - 2uarndon Electronics

K—------.i-i---—-——‘-—-n--— D D G T D S SR NS D WD e () SN I S S SN GN) SO U (I D @S D G EID NP G G AR G G 4RO G 4D G5 e G D & . e :._.
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3009+SL120

This new turntable offers the
mechanical excellence of the SL110
in a more compact form.

ideally suited to our precision pick-
up arms, its use is detailed in
information sheet No. 15, a copy of
which will be sent to you on request.

=S M=

The best pick-up arm in the world

Y ® Write to SME Limited
i .:. »‘;.0 Steyning - Sussex - England
- Telephone: Steyning (0903) 814321
RN M Technics )
\ ®

E ECT DRIVE PLAYER SYSTEM

s Qo

\.

LTD/S30
WW—079 FOR FURTHER DETAILS
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Whoelse but the Italians could have
produced the most sophisticated range
of mixing and fading facilities ever
offered in such a beautifully designed
range of equipment.

Yet still apply the most precise and
exacting manufacturing standards to
provide the operational stability and
reliability such complex electronics
demand.

This is why we are able to guarantee
all Goodmans/Galactron equipment for
three years.

And your guarantee will be signed
personally by the qualityy controller who
tests it before it leaves the factory inltaly.

Galactron Mk 10
Stereo Integrated Amplifier

A remarkably compact pre and
power amp combination with 90 watts
RMS per channel . Features 5 mixable
stereo inputs, 5 plug-in-modules—two
of which can be cross-faded by slide
potentiometer.

GalactronMk 16
Stereo/Quad Amplifier

No comparable equipment has all
these 3 functions. 5 inputs,indepen.
dently mixable and equalised by plug-in
modules. Twin graphic equalisers having

Goodmans

Wireless World, November 1974

10 filters each (16dB) at octave intervals
from 32Hz to 16kHz Plug-in quadro
phonic decoder panels for discrete and
matrix systems allied to 4 output level
controls.

Galactron Mk 100
Stereo Power Amplifier

Originally designed asa monitor
amp for recording studios,the Mk 100
is designed for use with the Mk 16
preamplifier. 100 watts RMS per channel
output.

Full facts and figures are available
from Goodmans Loudspeakers Limited,
Downley Road,Havant, Hants.

THORN
A member ot The Thorn Group

GALACTROMN

WW—080 FOR FURTHER DETAILS



Smalier, Iigmer, image intensifiers
for night vision

The smali size, lightness and low power
consumption of the new Mullard channel
image intensifiers, shown here with the
larger cascade tube device, considerably
extend the range of application of night
viewing equipment. They
incorporate a multichannel
piate to provide a variable :
luminance gain of up to y ;

- 100,000 and operate
from a 2.7V battery.

Under normal
operating gpqditions,
tube life is likely
to be many .
thousands: 5

Mullard

Resistance to highlight overload and ease

of gain control give them particular

application in low light level television

systems as well as direct view equipment.
These Channel devices join the

well established range of

extremely sensitive and reliable, high gain,

-up to 100,000 —~cascade tube image

intensifiers from Mullard.

Behind Mullard’s capability

Mullard’s background in electron optics is
based on a thorough understanding of vacuum
and glass technolcgies. At Mitcham, part of
Europe's biggest Bactron-optics capability
— complete with its own fibre optic drawing
plant, we make night vision and low light lev=i
TV devices. Years of experience in the design
and manufacture cf image intensifiers and cther
electron-optical devices has resufted in a
capability welf geared to today’s and
tomorrow’s requirements. \

Contact us for further information
on Image Intensifiers.

<

COMPONENTS FOR COMMUNICATIONS IN BROADCASTING, TELECOMMUNICATIONS, RADAR, NAVAIDS, MILITARY
Mullard Limited, Mullard House,Torrington Place,London WCIE 7HD
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Dynamic

SM 2001 A Digital Frequency Response
Analyser {Transfer Function Analyser)
Four decade digital display in LR Cv| tor O I ELYSON

Cartesian, Polar or Log Polar form, = $M 2001

from 0.00001 Hz to 1 kHz. Measure- - B Q 5 4 ) O 00
ments in ratio or absolute terms. .
Remote programming for A.T.E.
applications standard. Harmonic
analysis capability. Suitcase format -
easily portable. Fully floating and
isolated input and output. Very high
harmonic and noise rejection. Resolu-
tion to 0.1°. BCD output of all
information standard. Only 35lb.
weight.

T

™ N o gy p—

_ i i o SM 2003 Frequency Extension Unit
A : S e / Extends the frequency range of
i SM 2001 up to 1 MHz. Also extends
the harmonic measurement capability
and reference synchronisation cap-
ability of the SM 2001/2 up to1 MHz.
Fully isolated input and output to
the high frequency system under test.

SM 2004 Modulator Demodulator Unit -
Provides for utilisation of SM 2001
with systems having modulated carrier
input and/or output. Carrier fre-
quency 50 Hz to 10 kHz. Modulation
frequency 0 to 1kHz. Fully floating
and isolated inputs and outputs.

SM 2002 Reference Synchronizer almost any amplitude. Permits the use to the measurement of the phase
An internal fitment for the SM 2001  of SM 2001 on systems with mech- relationships between outputs of any
F.R.A. to enable synchronisation anical or hydraulic inputs. Extends two transducers or other sources.

from external signals. Will synchron-  the use of SM 2001 to closed loop
ise from virtually any wave form of testing or part system testing and also
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SM 272 Transfer Function Analyser

0.01Hz to 10kHz. Accuracy + 1%
(D version). Optional analogue or
digital read out. Much better than
40dB noise rejection. Dynamic
range greater than 25 x FSD. Sine,
triangular and square outputs. DC
offset capability. Cartesian or
switchable cartesian/polar display
(P version). 10 millivolts sensitivity.
Fully isolated input and output.
Independent R / Q expanders for
small angle accuracy. Very low cost.

al?

SM 2008 Computer Interface

A complete package of software and
hardware to enable computer control
of SM 2001 for any system or fre-
quency change.

SM 2006 Two channel converter
{Accessory for SM 2001)

Accepts two separate channels from
any system or vibrating structure and
computes the phase and amplitude
relationship between them. Enables
both channels to go into correlated
input with high noise rejection.

SM 2007 Plotter Interface

This unit provides for coupling the
SM 2001 frequency response analyser
directly into any standard XY
recorder. The resultant plots can be
of Bode or Nyquist type. Three out-
puts are provided, 1. Log frequency,
2. A co-ordinate or amplitude.

3. jB. co-ordinate or phase angle. A
dynamic range control and automatic
pen-lift are further features.

=1 S SE Labs (EMI)Ltd

North Feltham Trading Estate, Feltham, Middlesex. Telephone: 01-890-1166 Telex 23995

Northern Sales Office, Bessell Lane, Stapleford, Nottingham. Telephone: Sandiacre 3255
Scottish Office, 18, Sycamore Drive, Hamilton, Lanarkshire. Telephone: Hamilton 28674

A member of the EMI Group of Compan:es
Internationat teaders in Electronics, Records and Entertainment

WW—035 FOR FURTHER DETAILS



“"Ampex and

Al?.~

€
JAMESSCOTT

Alignment Units
for DR.and EM.

Multi- Channel
Tape Recorders.

The F.M. Alignment

Unit Type FMU/1 illustrated was designed at
the Royal Radar Establishment, Malvern, to suit

Ampex Recorders working on the IRIG intermediate

band specification (using ES 100 Electronics) e.g. Model

Numbers FR 1200, FR 1260, FR 1300, FR 1800L, FB 400, PR 500

If you have a sophisticated Ampex Recorder—
Align it to the Manufacturers specification
using our Alignment Units for D.R. & F.M.
Systems.

Speedy and inexpensive

For Further information and Technical Literature

OTT

[EIectron c Engmeermg] Ltd

Write or telephone.

CARNTYNE INDUSTRIAL ESTATE
GLASGOW G32 6AB
Tel:041-778 4206

WW-—008 FOR FURTHER DETAILS
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* ¢ TELCON )

magnetic shields
soft . magnetic alloys
and cores

SHIELDS We manufacture a wide range of Mumetal
o, 1 shielding cans and boxes and fabricate
shields for CRT’s, transformers etc.,
to customers’ own designs. These are
made to the highest standards and
have optimum properties (as sole
9 UK/European manufacturers of Mumetal
“ we have years of experience). For
large quantities we recommend the
‘Telform’ process which provides
1 maximum uniformity, extra close

tolerance and maximum performance.
| | For R& D and prototype work — try
= ‘Telshield’, do-it yourself, wrap-
around foil. Supplied in handy
packs costing around £5.00 — it's
simple and quick to use.

ALLOYS

Typical Inital  Maximum Saturation Remanence, Bjam, CoBrcvity  Hysteresls Curie
magnetic peimeabhity permeabllity ternc from saturation Hc Loss at Bsaq point
propertles {dc ps) inductlon {Tesia) {A/m)(J/m3/cycle) {(°C)

_ (Tesia) o

Mumetal _ 55000 240000 077 0.37 1.0 3.2 350
Mumetal Plus 69000 300000 077 0.37 0.8 1.3 350
Supermumetal 127000 350 000 0.77 0.4 055 03 3850
Osthomumetal = 08 07 2a 75350
Satmumetal 65000 240000 15 o7 _ 2.0 12550
Radiometal 50 6000 30000 1.6 10 80 40 625
SuperRadiometal 11000 100000 1.6 T 3.2 20 525
Radiometal 36 3000 20000 12 05 16.0 76275
Hyiho Radiometal 3500 60000 1.4 10 80 45 525
Hyrem Ragiometal 70 000 1.5 T35 B0 50 525
HCR Alloy 100000 158 1.5 1o 65525
Permendur 1000 7000 2.35 15 135 1270 976
Supermendur 70000 2.3% 2.05 180 170 975
Permandur 24 250 2000 235 1865 980 925
Vicalloy - 1.5 1.0 20000 12x104

We manufacture a wide

range of strip wound, high

permeability cores in the

Mumetal, Radiometal, Permendur

and HCR groups of alloys.

These cover a wide range of

applications including : current,

pulse, telecommunication, earth
leakage transformers, relays,

magnetic amplifiers, synchros,

high speed generators, and

transducers. Ail Telcon products

are made to the highest standards

and undergo stringent testing

before despatch.

1 TELCON

Telcon Metals Ltd. Manor Roval,
Crawley, Sussex, Crawley: 28800
WW-—034 FOR FURTHER DETAILS
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~

New Coursein Digital Dengn"

Understand the latest

developments in calculators,

computers, watches, telephones,
television , automotive instrumentation. . . . COmpUter Arithmetic

Each of the 6 volumes of this self-instruction
course measures 11%' x 8%’ and contains 60 B I L u
pages packed with information, diagrams and 00 ean Oglc
questions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic

circuits, and on to a complete understanding of
the design and operation of calculators and

computers. Memﬂries & counters

After completing this course you will have
broadened your career prospects and

considerably increased your fundamental under- ca|CU|at0l' DESlgn

standing of the changing technological world

around you. -
ComputerArchitecture

DIg'!al Computer elementary course assuming
LOQIC and no prior knowledge except
Electromcs simple arithmetic.

R In 4 volumes:

1. Basic Computer Logic De"gn of

2. Logical Circuit Digital Systems

Elements ¢ e

3. Designing Circuits to
Carry Out Logical BOOk1 3

Functions
4. Flip flops and Registers

Offer Order this together
g with Design of Digital
95 inc Systems for the bargain
s P&P  price of £9.25.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digitai
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its
contents, also covers many more advanced topics. e -

Design of Digital Systems

A Self-Instruction Course in 6 Volumes

Arithmetic Circuits

including packing and
surface post anywhere in
the wortd. (VAT zero
rated). Payment may
be made in foreign
currencies. Quantity
discounts are available
on request.

To: Cambridge™learning Enterprises,
Rivermill House, St. Ives, Huntingdon, Cambs.

Designer These courses were written so that you could teach
Manager yourself the theory and.application of digitat togic.

. Learning by setf-instruction has the advantages of
Enthusiast being quicker and more thorough than ctassroom
Scier:tist learning. You work at your own speed and must
Engineer respond by answering questions on each new piece

of information before proceeding to the next.

Student

*Please send me.....set(s) of Design of Digital
Systems at £5.95 each,

or.....set(s) of Digital Computer Logic and
E|ectronics at £3.95 each,

..... combined set(s) at £9.25 each.

*

Guarantee-no risk to you

!f you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions
asked. L

o
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Are anti-reflection coatings
just an afterthought

in your laser system?

Here's why Ferranti specified OCLI laser coatings
at the design stage of their aircraft Laser Ranger
and Marked Target Seeker.

Ferranti realised right at the start that it was vital to
specify high-quality optical coatings for their aircraft
laser systems if optimum performance from mirrors, len-
ses, prisms, and other components was to be achieved.
Laser system requirements not only push the per-
formance of optical components, including coatings, to
their limits, but also make any latent shortcomings and
flaws more evident. For these reasons, transmission and
reflection efficiencies in Ferranti's laser systems were
required to be in the 99 + % range.

Such efficiencies can only be obtained with well-
designed and properly-applied optical coatings, such as
those produced by OCLI Optical Coatings Limited.

Photograph of a Laser Ranger and
Marked Target Seeker installation in 8
Canberra aircraft by kind permission of
Ferranti, Edinburgh.

OCLI OFFERS A FULL LINE OF COATINGS AND OPTICS
FOR USE IN ALMOST ANY LASER AND F.L.I.R. SYSTEM.

| 70 ocu OPTICAL COATINGS LTD. 0G42 :
| Please send me technical details of your Laser Coatings. '
1 My application is: ... | ocll
I Name .........cooooiiiii [ . . .

I OCLI Optical Coatings Ltd., Hillend Industrial Estate,
| COMPANY ..o e e e Dunfermline, Fife KY11 B5JE. Telephone: lnverkeithing
V' Address ... | 3631 (038-34 3631)

WW-—038 FOR FURTHER DETAILS

stepper motors McLennan stock a wide range of stepper

motors and ancillary equipment, such as:—

p Translator modules, Voltage control oscillators,
and d e systems Linear accelerators, Compensator networks,
— Pulse multipliers, Power supplies, Digital
indexers, Co-ordinate generators,
Gearboxes, linear actuators, etc.
These basic units, which are economically
priced, even in smaller quantities, can
be used to build systems to cater for
a wide range of applications.
Moreover, we can advise on
additional function units needed for
more specialised applications.
We also offer a complete
system design
and production
facility.

- @
- /]
MClennan 2,

mn McLennan Engineering Ltd Kings"Road, Crowthorne, Berkshire. Tel: Crowthorne 5757/8

WW-—084 FOR FURTHER DETAILS
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You can save time and money
with our VHF
TV tetrodes/cavities
from 2 kW up to 30 kW.

Our newest line of high gain tetrodes with Pyrobloc*
grids gives you ruggedness -reliability— low cost.

- * THOMSON-CSF Trade mark.
Common Amplification Peak Video output Cavity
(Class A) (Class B) type
TH 298 2 kW TH 298 3 kW TH 18124
TH 361 5 kKW TH 361 15 kW TH 18116
- TH 371 10 kW TH 371 30 kW TH 18117
TYPICAL GAIN 16 dB

A

e
THOMSON-CSF

THOMSON-CSF ELECTRONIC TUBES LTD / BILTON HOUSE, UXBRIDGE ROAD, EALING / LONDON W5 2TT
TEL. (01) 579 55.11 / TELEX 25659

2112

WW—087 FOR FURTHER DETAILS
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| S OO PEAG 025 |
|

The precision scope for
the demanding engineer

! 3% accuracy — which + DC-25MHz,

i just about summates full screen

| this 25MHz * Measuring
dual-trace instrument accuracy 3%

| frpm Scopex. * Signal delay on
A professional scope both channels

e o
A polarity from
price bracket far one simple control

bel:;:vel:t;ig:tsi:)gnn * Wide timebase range,
: i 200 ns/cm to 200 ms/cm
* Sensitivity
10mV/cm to 50 V/cm
* High brightness
PDA tube f

* Lightweight

/ IR Sy I o portability
‘ i Write or ‘phone for details
‘ ; Scopex Instruments Limited,
: Pixmore Industrial Estate,
Pixmore Avenue,
- Letchworth, Herts. SG6 1||
L ; s Tel: Letchworth (0462) 672771

50mHz OSCILLOSCOPE TYPE C1-64

Made in USSR

Lightweight, portable, transistorized, dual trace
oscilloscope.
Display :
Rectangular CRT 6 x 10 div. {48 X 80mm) with
illuminated graticule.
Vertical deflection:
Two input channels operated in alternate or chopped
modes or algebraically summed.
Bandwidth:
DC to 50mHz DC coupled.
3Hz to 50mHz AC coupled.
Sensitivity :
Channel | and II: 5mV/div. to 10V/div.
Summing mode: 1mV/div. max.
Horizontal deflection:
Sweep ‘A'-0.1us/div. to 1s/div.
Sweep 'B'—0.1ps/div. to 50ms/div.
Sweep delay:

AN SATE

Power supplies: 115/230V+10%, 50-40 Hz. st hosp
Dimensions: 300X 200X 420 mm. Time Base Modes: -
Weight: 19kg. A’ only; ‘B’ only: ‘A" brightens ‘B,

PRICE, complete with full complement of connectors, ‘B’ delayed by "A"; "A” and "B’ chopped or alternate.

cables, adaptors and accessories £470 exclusive of VAT.

Z & | AERO SERVICES LTD.,

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel: 727 5641 Telex: 261306

WW-—045 FOR FURTHER DETAILS
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BRITAIN’S FASTEST SERVIGE!

component specialists for the discerning amateur and professional

ARSI £xpPRESS
direct from MAIN LINE .

an exciting range of mono amplifier kits. Supplied complete
with circuit diagram and assembly instructions. these kits
contain all necessary components, printed circuit board,
heatsinks, etc.

TYPE NO. POWER SENSITIVITY
{continuous {for continuous
into 8 ohm) power @ 1kHz)

12A 12watts 700 mV

25A 25watts 700 mV

40A 40 watts 700 mV 2 X 40633 £10-50

70A 70watts 700 mV 2 X 40636 £12-60

suggested power requirements from 19 volts (TYPE 12A) to
42 volts (TYPE 70A)

ALSO...

stereo pre-amplifier kit using R.C.A. CA3052 i.c. sensitivity
3 mV @ 1kHz output voltage 1 volt r.m.s. designed for use
with magnetic pick-up but can be used with crystal pick-up
using extremely simple modification suggested. Full specifica-
tion on request.

OUTPUT
TRANSISTORS

PRICE

2 X 40631
2 X 40632

£8-40
£9-75

PRICE £10-00

SEVEN WATT AUDIO I.C.

MC 1310P I.C. £2-80
FM STEREO DEMODULATOR
REQUIRES NO COILS!

3 PAGE DATA 15p

RED L.EDs
NEW LOW PRICES
TIL 209 30p
LD 30A 29p

TR1 DIAC
22p
SUITABLE FOR
USE WITH 40669

40669 TRIAC £1.00
400 PIV 8 AMPS PLASTIC
3 PAGE DATA 15p

i1.C. PIN SOCKETS
NOW RECOGNISED AS THE
STANDARD |.C. MOUNTING
1000 PIN SOCKETS £7.00
100 PIN SOCKETS £1.00

OP. AMP
741/8 DIL
NEW LOW PRICE

34p

TEST CLIP

FORDILI.C.s
14 & 16 PINS.
ALSO USEFUL
AS REMOVAL
TOOL £1.95

LOGIC CHECKER

FAST & EFFECTIVE METHOD OF
CHECKING DIGITALDIL!.C.s
INCIRCUIT.INSTANTL.E.D. DISPLAY.

FULL INSTRUCTIONS £27-22

TBA 810S £1.32
FEATURING THERMAL PROTECTION
IDEAL FOR CAR RADIO APPLICATIONS
SHORT FORM DATA AND CIRCUITS
15p

TIMER L.C.
NESs5v  18p

SHORTFORM DATA & CIRCUITS 15p

SUPERHET SYSTEM |.C.
£1-40

CA 3123E
WITH RF AMP. IF AMP. MIXER OSC.
GC DET. OR VOLTAGE REGULATOR
IDEALFOR CAR RADIO APPLICATIONS
DATA AND CIRCUIT 15p

VHF 5 TRANSISTOR I.C.
CA 3046 70p

DC TO 120MHz ARRAY
3 PAGE DATA 15p

ARMIDIL sPECIALISE IN EDUCATIONAL
AND GOVERNMENT ORDERS
—See catalogue for further details.

ARRDLL SERVICE PLUS

10% DISCOUNT OVER £4. NO POSTAGE
AND PACKING. TOP QUALITY PRO-
DUCTS ALWAYS BY RETURN
COMPREHENSIVE CAT. _)

Important Notice "'All prices are
exclusive of V.A.T. Please add V.A.T.
to the final total of your order after
deductlng any discount which may /
be

due.’
V.AT. No. 246 0626 72

a23

DEPT. WW7
7COPTFOLD ROAD
BRENTWOOD

H%SLLL
ELEGTSDTIGS LT
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JES AUDIO INSTRUMENTATION

lllustrated the Si453 Audio Oscillator
SPECIAL FEATURES:

* very low distortion content—less than 0.03%

* an output conforming to RIAA recording characteristic
% battery operation for no ripple or hum loop

% square wave output of fast rise time

£50.00

COMPANY
REGISTRATION
No. 1062424

b q g T
CLICRMRAYON YORKSIIAE

also available

$i451 Mllllvoltmeter
* 20 ranges also with variable control permitting easy reading of
relative frequency response. £42.50

$i452 Distortion Measuring Unit
* low cost distortion measurement down to 0-01% with comprehersive
facilities including L.F. cut switch, etc. £35-00
ALL PRICES PLUS VAT

J.E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, YORKS. BD195LA.

WW-—031 FOR FURTHER DETAILS

Tel: 09762-2501




a24 Wireless World, November 1974

Thisis why theTWG 501 performsthe

funiction of a good generator

Voltage control
sweep 1 decade
linear 4 decades
exponential

NSt
N Ed //’4'/ Mz power

100 =1k

@\‘3 FEEDBACK p’” FUNCTION GENERATOR Twis SO1
I Frequency range
0.009Hz to 1.1MHZ

1k ~ 10k
10k~ 100k

100k~ 1M

Fast rise time
square<15ns
with current
sinking capacity
for 5TTL loads.

zer0o @

in 2V pk-

. P 7 gy DC offset
Trigger pulse e % \.“ ‘ ] . D & 42V on X1 output
15vpk 500 +5Vose
ttioating)  Son -1svmeasy N 1L A\, 20mA max T / 5000

e -

All seven outputs are Size: 254 x 121 x 157mm
simultaneously available Wt: 2.2kg

with amplitudes constant
over frequency range

FEEDBACK INSTRUMENTS LTD Crowborough, Sussex. Tel: Crowborough (089-26) 3322

The symbol of
sound quality.

0l Unit Audio

k| Superbly made speaker
enclosures containing high quality
units designed to improve your
listening pleasure.

Ask for demonstrations of the
KR®6, PF6, PF8, MP6, MP138.

FRAHM

FREQUENCY METER

50 52
CPS

20¢-250 vOLT%
CAT. 29563

48

resonant
reed
FREQUENGY [[13:: %5

used as standards in many industries
® Accurate to +0.3% or +0.1% FRAHM Resonant Reed

Power ratings

as specified Frequency Meters are available from 8 watts
R in plastic and hermetically music power

.i\l?‘z sgnstlltjlr\;ect}?a\:]OIézgsviotLin sealed cases to British and gO 20 Wgtts )

e‘dpl'rri'ts ges. U.S. Government approved .

LS Hul specification. Ranges (music power).
® Unaffected by waveform errors, 10-1700 Hz. Literature on

load, power factor or phase shift these meters and Frahm
@ Qperational on A.C., pulsating or Resonant Reed Tachometers

interrupted D.C., and super- available on request. lllustrated here is

imposed circuits Manufacture and Distribution ‘ the new MP6.

of Electrical Measuring

® Need only low input power Instruments and Electronic

® Compact and self-contained Equipment. The largest stocks

® Rugged and dependable in the U K. for off-the-shelf delivery.
ANDERSELECTRONICSLIMITED For further information and address of your local stockist write to:
48/56 Bayham Place, Bayham Street, K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

Anders means meters London NW1. Tel: 01-387 9092
WW—004 FOR FURTHER DETAILS WW—021 FOR FURTHER DETAILS
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Don't callus!

We'll call you!

We know how easily sophisticated
instruments can driftimperceptibly
away from standard. So, after we've
repaired, calibrated and returned your
equipment to you, we make a note to
remind you when a periodic check or
recalibration should be carried out.

Jogging the memory is just one of
the little, extra details that help to make
up the Bradley Repair and Calibration
Service ; but, of course we need to hear
from you in the first instance.

R & Cis a separate division of
Bradley Electronics with its own
20,000 sq. ft. factory next door to the
main London works. We've been
rejuvenating instruments for more than
20 years, during which time we've
handled virtually every type and make
in common use — from simple meters to
complicated systems. We will tackle
anything in the frequency range DC to
18 GHz and returnitto you ready
to plugin.

If you need authenticated
performance in addition to our normal

BRADLEY
electronics

a2s

guarantee, our Standards Laboratory is
approved by the British Calibration
Service. It will supply calibration
certificates for AC, DC and RF
measurements. And our standards, of
course, are directly traceable to the NPL
and the National Bureau of Standards.

And just to add the finishing touch,
we will collect and deliver anywhere in
mainland Britain.

G & E Bradley Ltd
Services Division Sales
Electral House
Neasden Lane

London NW10 1RR

A Lucas Company

WW—072 FOR FURTHER DETAILS

Telephone : 01-450 7811 Telex:25583
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Barr & Stroud’s new EF3 Electronic Filter System already available, provide filtering with variable cut-offs

means no more compromises when you buy variable between 0.01Hz and 10.0kHz, stop-band attenuation

filters. Now you can get the filter you need today, of 48dB/oct. (96dB/oct. in cascade), and pass-band

and additional plug-in units tomorrow. Today — the response from dc to 500kHz. Get full details of

basic main frame and your choice of two modules to EF3, the big breakthrough in electronic filtering from

operate in low-pass, high-pass, band-pass, band-stop, BARR & STROUD LIMITED

band-separate, band-combine or cascade modes. 1 Pall Mall East, London SW1Y 5AU %
Tomorrow — other interchangeable modules to meet Tel: 01-930 1541

your newest requirements. The first two modules, Telex: 261877 ' Glasgow and London

WW-—033 FOR FURTHER DETAILS

British...
Wherever there is appreciation of fine sound

reproduction, insistence is upon British
loudspeaker systemns. &

Name

N LA
:ﬁls Renowned among the

discerning for their outstanding quality, the products of

Mordaunt-Short Litd. are specified by
professionals and by enthusiasts the world over.

Choose them for your home - where the finest

MOSt Concerns you.

...and world-wide.
&

Mordaunt-Short Ltd
Designers and Manufacturers of Quality Loudspeaker Systems

To receive immediately full information and the name and address of the
Stockists nearest to you, please complete this coupon and return it to us direct.

Address

Mordaunt-Short Ltd, The Causeway, Petersfield, Hampshire, GU31 4JT. Tel: Petersfield (STD 0730) 46315 L0
WW—060 FOR FURTHER DETAILS
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AUDIO F
LEVEL

PPMs

SINGLE

to all BBC |
Specifications |

o i Sl e |
ELECTRICAL INSTRUMENTS LTD ﬂ

CHILTERN WORKS
HIGH WYCOMBE

HIGH WYCOMBE 3093154 BUCKS

WW—009 FOR FURTHER DETAILS
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The symbol of
sound quality.

Hi-Fi Speakers

The KR range consists of five
outstanding speaker designs with
power ratings from 18 watts (music
power) to 90 watts

(music power).

Made from selected high-
density Swedish chipboard,
the cabinets are hand-
made, hand-finished and
matched in identically
grained pairs.
Toensureconsistentsound
quality, all speakers are
individually tested before
leaving our factory.

Ask for a K.F. demonstration
and hear for yourself.

KR10. Atwoway, two unit system, typical of K.F. quality and design.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW—022 FOR FURTHER DETAILS

SERVICING

' VWS
PRODUCTIDN TESTING POWER UN'TS
DEVELOPMENT NOW AVAILABLE WITH 3

VARIABLE OUTPUTS l l

EDUCATION

Type VRU/30/26—f£166.75 + 8% VAT

Input 200--250V. 50Hz
or 100--120V. 60Hz to order
Output 1:0-30V. 25A. D.C.
Output 2:0-70V. 10A. A.C.
Output 3:0-250V. 4A. A.C.

Other units are also available
with outputs of:

0(3-1%%\\// 162;\- ALLCONTINUOUSLY
Nt VARIABLE

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

L]
valﬂ““ LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01-890 4242

WW-—047 FOR FURTHER DETAILS
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Linstead
win Stabilised
Power Supplies

Each comprising:

Two powerful bench supplies.
Continuously variable.
Independently operable, or in series, or parallel.
Fully protected against overload and short circuit. .
In one compact robust case.

2 x 0 to 20V O to 0.5A

with twenty 1 volt steps and fine
control.
Voltage set by controls. ™
Current continuousty monitored,
plus VAT

0 to 100mA, 0 to 0.BA.
Current limiting protection.

2x0to30VOto 1A

Set by switches and fine control.
Meters switchable for volts,
0 to 100mA and 0 to 1A, a

Re-entrant protection. Pilot
indication of overload. plus VAT

rrsieao

the best for less

BRITISH MADE BY LINSTEAD
Linstead Electronics, Roslyn Works, Roslyn Road
London N15 5JB. Telephone 01-802 5144

ireland, Lennox Laboratory Supplies Ltd., 3-4 South Leinster Street
P.O. Box 212A, Dublin 2
Denmark, Scanfysik, 13-15 Hjorringgade, DK 2100, Copenhagen
Sweden, EMI Svenska A/B, Tritonvagen 17, Fack, 17} 19 Solna |
Norway, EMI Norsk A/S, Postboks 42 Korsvoll, Oslo 8
Malaysia, Laboratory Equipment Sdn. Bhd,, P.O. Box 60, Batu Pahat
Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 Antwerp
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MODEL 41
R.F. SIGNAL GENERATOR
Price £44.00

150 KHz — 220 MHz on fundamentals. PLUS 8% FORVALT.

8 clear scales — Total length 130mm.
Spin-Wheel Slow Motion Drive 11 — 1 ratio.
Overall Accuracy — 21%.
Modulation, Variable depth and frequency.
Internal Crystal Oscillator providing calibration checks throughout all
ranges.
Mechanical scale adjustment for accurate alignment against internal
1MHz crystal oscillator.
Powered by 9V Battery.
Trade and Export enquiries welcome.
Send for full technical leaflets.
Post and Packing 50p. extra.

NOMBREX (1969) LTD., EXMOUTH, DEVON.
Tel: 03-952 3515
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It's easy to choose

the rig

ing Transformer
from the five

Gardners
line up

Line Matching Transformers
from Standard to Super Fidelity

3
|

The Miniature and cally shielded. giving very high
Standard ranges provide hum rejection ratlos
excelient bandwldth for Prices start from £3.13
most purposes, 30Hz {recommended retail price)and

ht Line Match-

Gardners ranges 22l.<Hz for the 1-0dB all types are usually avaitable
The Super Fidelity | [l points from stock
Series, with a o Except for the very Complete technical

frequency response of
10HZz to 80kHz - 0-5dB,
gives the widest possible
bandwidth for high accuracy
instrumentation and recording
applications

Then there’s the Wide and
Extra Wide-band ranges. Out-
standing performers with a
frequency range 30Hz
20kHz or more - for the 0°5dB
points. Used a lot by broad-
casting and recording
companies throughout the
world

smallest in the range, all
Gardners Line Matching
Transformers are fully magneti-

o (awme) o
el

(Gardners)

information is given in
brochure GT.5 "Audio
Frequency Transtormers
which we'll be gtad to send on
request.

8o accurate 1s the balancing ol the
windings on some of these
transtormers thal, when used as
pais in a hybrid Circuit (as
diustrated) we can guarantee a
rejection of belter than 5548 over
the trequency range 50Mz 10 10kHz
and normal rejection of up fo

7508 may be expected

Speciahsts in Electronic Transformers and Modular Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited. Christchurch. Dorset. BH23 3PN
Tel' Christchurch 2284 (STD 0201 & 2284) Telex 41276 GARDNERS XCH

WW—069 FOR FURTHER DETAILS
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The M er : < EPrmn
qadﬂ%%?/ﬂ[,‘ b

Oneofour
customers puts

the achievement

of the GSOO
on record

This letter is typical of many received by
Goldring. If you would like some further
evidence, start by writing for a full
descriptive leaflet on Goldring Cartridges
to: Goldring Limited, 10 Bayford Street,
Hackney, London E8 3SE.

Goldring ©
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= ® The new FP 1212 Plumbicon colour
The “m lcon camera brings to the world of CCTV,
a TV camera that embraces many of
the features associated with large,
FP1212 ColourTVCamera reisimmasins
For this you get a light, compact and
by 5”,”/4”” easy to operate camera that guarantees a
very high standard of colour reproduction,
even in poor light conditions, because

the FP 1212 is fitted with automatic
lens control.

Based on three Piumbicon tubes, this

new unit has a builtin encoder which
produces standard colour composite

®'|'rade mark N.V. Philips

4
1l

. — I signals from NTSC or PAL, without the
—— need for an accessory unit.
SHiBADE)N > B And you get buiitin facilities such asa

o colour bar generator, a masking
amplifier self contained aperture
correction circuit, all of which aid
the camera’s simple-to-use
performance.

; If you would like to see the FP1212
in action or require full technical details
please contact Shibaden’s Technical

Service Department at 01-203 4242 or
write to :

@ Hitachi
 Shibaden (UK) Limited

~ BROADCAST & CCTV EGUIPMENT MANUFACTURERS
Lodge House -Lodge Road - Hendon - London
NW4 4DQ. Telephone: 01-203 4242/6

| =

WW—078 FOR FURTHER DETAILS
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forampilifiers, mixers
taperecorders

Checks .. . frequency response
signal/noise ratio
distortion
cross-talk
wow & flutter
drift
erasure
sensitivity
output power
gain

.In one compact unit

Wireless World, November 1974

Audio Connectors

Complete range of Switchcraft audio connectors for all

studio and ancillary equipments.
Versatile— 3, 4, 5 or-6 pole;wide variety of matching plugs recep-
tacles; readily interchangeable with other leading makes.

Streamlined — simple positive snap-in connection;
cable clamping and latch lock.

Safe~selfpolaxxsat1011, captive insert screw provides rigid assembly
and electrical continuity; firm and constant ground contact between
mating connector shells lthuUh the use of an exclusive Ground
Terminal and Contactors.

Low Gost-Ex-stock-Quantity Discounts

Write now for free descriptive literature.
Sole U.K. Agent for Switchcraft QG Connectors

EW.0.BAUCH LIMITED

49 Theobald Street. Boréham Wood. Herts. W6 4R7 Telephone: 01-953 000

WW-—052 FOR FURTHER DETAILS

Auxiliary Unit provides extra
facilities for Studio testing

Send for leaflet RTS2

Ferrograph Company Limited Auriema House 442 Bath Road
Cippenham Slough Buckinghamshire SL1 6BB
Telephone: Burnham (062 86)62511 Telex: 847297

FERROGRAPH

A member of the Wilmot Breeden group

WW-—094 FOR FURTHER DETAILS

ELECTRONIC
INDUSTRIAL THERMOMETER

THE MODERN WAY TO MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air, Metals, Liquids, Machinery, etc.. etc.
Just plug-in the Probe, and read the temperature on the large open
scale meter. Supplied in zippered vinyl case with transparent front
and carrying loop, Probe, and internal 13 volt standard size battery.

Model “Mini-On 1" measures from — 40°C to + 70°C, price £17.50
Model “Mini-On Hi"’ measures from + 100°C to + 500°C, price
£20.00 (VAT. EXTRA)
Write for further details to
HARRIS ELECTRONICS (LONDON),
138 GRAY'S INN ROAD, LONDON WC1X 8AX
(‘Phone 01-837 7937)

WW-—005 FOR FURTHER DETAILS
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New from AEI Semiconductors

Four shapes
for your diode requirement

These four new diodes — comprising the “M”
range — have been developed to meet demands
for maximum availability at the lower price
sector of the market. A 16 amps,600v diode costs
as little as 42p for quantities of 1000 or more.
The range covers 6 to 70 amps, 50 to 800 volts.

i
H MR

RTINS

"eav)| VRRM
Amps 100 200 400 600 800
M6-100 | M6-200 | M6-400 | M6-600 | M6-800

d 8 M6-100R | M6-200R MB-4UUR1 M6-600R | M6-800R
: 16 M16-100 | M16-200 | M16-400 | M1E-600 | M16-800
M16-100R | M16-200R | M16-400R | M16-600R | M16-800R

N M25-100 | M25-200 | M25-400 | M25-600 | M25-800
25 M25-100R MZS-ZUURJ M25-400R | M25-600R | M25-800R

40 M41-100 | M41-200 | M41-400 | M41-600 | M41-800

a3l

TAKE A CLOSE LOOK

at a professional recorder that offers high performarce,
excellent reliability and is very easy to maintain. Ask
yourself why so many commercial radio stations and
recording studios are doing their best to wear them out,
and not having much success. Decide if you need meno
or stereo, console transportable or rack mounting versions
and then inquire about prices.

We are sure you will be very pleasantly surprised.

BIAS ELECTRONICS LTD. 01-540 8808
572 KINGSTON ROAD, LONDON SW20 8DR

M41-100R | M41-200R M41-4UUR1M41-GUUR M41-800R

70 M71-100 | M71-200 | M71-400 ]71-600 M71-800
[ M71-100R | M71-200R M71-4UUR[M71-600R M71-800R

Suffix ‘R" indicates reversed polarity (i.e. Stud Anode)

|.| i

|
: o
1=

SEMICONDUCTORS
are in control

AEI Semiconductors Ltd., Lincoln.
Tel: 0522 29992
Part of GEC Electrical Components Group.

Also immediately available from:
Black Arrow (Electronics) Ltd:
Bristol (0272) 294313
Coventry Factors Ltd: Coventry (0203) 24091
Farnell Electronic Components Ltd:
Leeds (0532) 636311
LST Electronic Components Ltd:
Chelmsford 69543
W.S. McMillan & Co. Ltd.: East Kilbride 38641/4
SDS Components Ltd.: Portsmouth 65311
T1 Supply Ltd: Slough 33411
J.V.N, Bromley, Kent: 01-464 1245

WW-—056 FOR FURTHER DETAILS
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The symbol of
sound quality.

Indoor Column
Speakers

{deal for Clubs, Cinemas,
Concert Halls, Churches etc.
particularly suitable where
acoustic difficulties are
experienced-especially
feedback.

Alternative finishes

available are Black Vynide
or Teak. = i
Power ratings from 10 watts ] o
RMS to 30 watts RVS, T ohima impedances o 100w me. 2 atate-

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW-—023 FOR FURTHER DETAILS
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Eliminate
TV receiver
distortion with
Celestion TELEFI/

TELEFI

At last you can enjoy TV entertain-

ment with the added pleasure of true

Hi-Fi sound. Telefi is a unique electronic invention which
picks up VHF from the TV and relays this through your own
Hi-Fi equipment. Telefi ensures crisp, full-range, distortion-
free reproduction of music and speech providing an improve-
ment over ordinary TV sound which will amaze you. Tele-fi
is safe and requires no permanent connection to the TV set.
Telefi is indispensable to the TV viewer who requires

Hi-Fi TV sound. q
"“Ae selected for The Design Centre, London'

LOUDSPEAKERS

Celestion Loudspeakers are
engineered to the highest
standard and provide super-
lative sound reproduction.
The cut-away illustration
shows the high, mid and
bass speakers used in the
Ditton 44 Monitor, one of
the most popular loud-
‘speakers available to the
discerning listener.

A range of models is avail-
able to suit your personal
requirements, Celestion
Hi-Fi Loudspeakers carry a
five-year guarantee.

The Hadleigh loudspeaker, was
specially created to meet a public
demand for a high quality speaker
of compact proportions. Not a
difficult task for Celestion who
produce the most popular bookshelf
speaker ever (Ditton 15) —but we
set out not only to produce an
immaculate loudspeaker with a
sparkling performance, but to do so
at a budget price. For the enthusiast
seeking a really excellent Hi-Fi
system at reasonable outlay we
recommend without hesitation the
Hadleigh.

Celestionm

Loudspeakers for the Perfectionist
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP.
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l:hek in one direct
move with Brandenburg’s
new HV meter

We thought it was about time somebody supplied direct reading
meters-for high voltage. so we've produced three—one for up to
5kV, one for 16kV and one for 30kV to complement our range of
HV power supplies.
The meters are operated by two 9V internal batteries (800 hours
life) linked with a built-in checking facility. Positive or negative
ground is available, selected by a front panel switch. And. as
with all Brandenburg products, there is a 12 months uncondi-
tional guarantee.

B Accuracy of 1% fsd over vohtage range of 8-30kV d.c.

B Less than 1A drawn at 30kV d.c.

@ 4.5in (114 mm) scale mirror-backed meter.

B Temperature range 5-35°C.

B Dimensions only 7 x 8 x 5}in high (200 x 145 x 178mm).

B Recorder output.

Yet another Brandenburg piece in the
high voltage game

brandenburg

Brandenburg Limited, 939 London Road, Thornton Heath, Surrey.
CR4 6JE, England. Tel: 01-689 0441 Telex: 946149

Agents or distributers in most principal countries. P6437
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NEW ARCHITECTURE IN STEREO AMPLIFIERS

The new Cambridge P60 brings radical changes to stereo amplifier design and operational concept

1. Split Section level control with

normal and overload indication

The new Cambridge Audio P60 Integrated Amplifier represents the
outcome of radical rethinking of conventional audio amplifier
architecture. For many years now the fundamental fixed gain
pre-amplifier with its attendant inadequate headroom bringing
limiting, clipping and unwanted distortion has been the order of the
day. The volume control, placed after most of the pre-amplifier
stages could not be turned down to correct a signal that was already
inoverload and therefore distorted. Cambridge Audio amplifiers are
different. To begin with our compensation for disc equalisation to

v

the R.I.A A standard is more accurate than that of virtually all our
contemporeries. Forinstance, we employ a buffer stage to eliminate
the differences in cartridge inductance that plagues other amplifiers
(See Readers Letter W.W. December 1973). In the new P60 Stereo
Amplifier separate main and pre-amplifier level controls each with
L.E.D.indicators permit the user to optimise all signal levels
precisely — thereby catering for every variable-without
compromise. The resultis audibly less distortion with the added
bonus of monitoring just where distortion can be introduced first
and at what level.

l

'

\j 4

balance pre amp volume

cassette bass

tuner
auxikigry

Q pickup
e

O OO o

A
power amp evel

oft @
qgrad

P ] e @ Q

normal normal

treble mona lotilter  hititter tapel  tape headphones

stereo out out

Cambridge Audio P60

2. Record and Playback facilities for three

taperecorders used individually or combined.

The following block diagram best explains the logic. At first sight
the flexibility of the arrangement above is clearly apparent. In
addition, interesting new possibilities arise — hitherto unavailable on
other products such as the ability to record programme A on Tape

CASSETTE TAPE 1

| TF—(

Recorder 1 whilst at the same time replaying programme B on Tape
Recorder 2 and recording it on Tape Recorder 3, with full
monitoring facilities and the ability to modify the frequency
response.

O AUX
;CASS
TUNER O

PU

PRE AMP VOLUME

RECORDING PROG A

CASSETTE
SOCKET

TAPE 1
POSITION

REPLAYING PROG. B

]

POWER AMP LEVEL

REPLAY MONITORING OF PROG B

RECORDING
PROG. B Q

L:J e A@Aﬂﬁ;ﬁﬂm

T55 TUNER

Cambridge
Audio

for people who listen to music

Cambridge Audio Limited The River Mill, St. lves. Huntingdon PE17 4EP Telephone: St. lves 62901
WW-—104 FOR FURTHER DETAILS
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More than 350
different types

to choose
from

Vitality's
__the name for
miniature and
sub-miniature
lamps.

If you can’t find the lamp you need
from the 350 different types of Vitality
sub-miniature and miniature lamps just
pick up the phone and ask for the Vitality
applications service.

Miniature and sub-miniature lamps
are Vitality's speciality and the range
available is one of the most comprehensive
in Europe.

Write for the Vitality catalogue
for full details on the range and appli-
cation notes, or phone us if you have a
special requirement for conventional or
unusual environments, wherever a light
source is needed for illumination, reference,
indication or warning.

Vitality Ltd [

BEETONS WAY, BURY ST. EDMUNDS, SUFFOLK.
TELEPHONE: 0284 62411.TELEX: 81295.

Authorised Distributors

Black Arrow Electronics Ltd.

Wirelect House, St. Thomas Street, Bristol BS1 6JW

Telephone: Bristol (0272) 294313. Telex: 449150

Farnell Electronic Components Ltd.

Canal Road, Leeds LS12 2TU

Telephone: Leeds (0532) 636311. Telex: 55147

Townsend-Coates Ltd., Coleman Rd., Leicester LES 4LP

Telephone: Leicester (0533) 768561. Telex: 34321

Valiant Electrical Wholesale Company,

20 Lettice St., Fulham, London SW6 Tel: 01-736 81156
WW-—099 FOR FURTHER DETAILS
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The symbol of
d quality.

P.A. & Disco Speakers

Designed to satisfy the demand
for high quality sound required
by Discotheques and advanced
PA systems.

Ideal for mobile use.
Finished in Vynair for
style to match
performance.

Power rating from 25
watts RMS to 100 watts
RMS.

R12DXH. One of a range of six
superb Power speakers.

For further information
and address of your local
stockist write to:

K.F. Products Ltd.,
Ashton Road, Bredbury,
Stockport, Cheshire.

WW—024 FOR FURTHER DETAILS

| 138 GRAYS INN ROAD, W.C.1

METER PROBLEMS?

A very wide range of modern design
instruments is available for 10/14
days’ delivery.

Full Information from:

HARRIS ELECTRONICS (London)

Phone: 01/837/7937

WW-—016 FOR FURTHER DETAILS
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HIGH POWER DC COUPLED AMPLIFIER

UP TO 500 WATTS RMS FROM ONE CHANNEL |
DC-COUPLED THROUGHOUT |
OPERATES INTO LOADS AS LOW AS 1 OHM

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

* 3 YEAR WARRANTY ON PARTS AND LABOUR

* % %

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world’s leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration
of this fine equipment please let us know.

Power Bandwidth DC-20kHz @ 150 wauts + 1db. — Odb. Slewing Rate 8 volts per microsecond

Power at clip point (1 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity

Phase Response +0. —15 DC to 20kHz, 1 watt 8Q Input sensitivity 1.75 V for 150 watts into 8
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short, mismatch & open cct. protection
Damping Factor Greater than 200 DC to 1kHz at 82 Power supply 120-256V, 50-400Hz

Hum & Noise (20-20kHz) At least 110db below 150 watts Dimensions 19" Rackmount, 7" High, 93" Deep
Other models in the range: D 80 — 60 watts per channel D150 — 150 watts per channel

MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE;

MACINNES LABORATORIES LID SAXMUNDHAM, SUFFOLK IP17 2NL

TEL: (0728) 2262 2615
WW—055 FOR FURTHER DETAILS

A NEW STANDARD FOR SOUND REPRODUCTION
HD250 High Definition Stereo Control Amplifier

Designed for disc and
tuner input and two tape
machines. with complete
recording and reproduc-
ing facilities.

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home.
Improvements have been madeinrespectof performance, engineering design and quality of construction.
We believe that no other amplifier in the world can match the specification of the HD250. Look atextracts
from the specification below.

Power output. Overload margin.
Rated: 50 watts average continuous power per Discinput 40 dB min.
channel, into any impedance from 4 to 8
ohms, both channels driven. Hum and noise output.
Maximum: 90 watts average power per channel into Disc: —83dBV Measured flat with noise band-
5 ohms load. width of 23kHz.
Distortion. —88dBV Measured with ‘A’ weighted
Pre-amplifier: Zero. (Cannot be identified or measured characteristic
as it is below inherent circuit noise.) Line: —85dBV Measured flat.
Power amplifier. 88dBV ‘A" weighted.
atrated output: Less than 0.02% (typically 0.01% at 1kHz). Size: 17 inches X 42 inches X 11 inches deep
at 25w output: Typically 0.006%. overall
Weight: 211b

Write or phone for leaflet which describes the design philosophy and conception of the HD2 50
together with a complete specification

RADFORD AUDIO LIMITED, BRISTOL, BS3 2HZ Telephone: 0272 662301

WW-—019 FOR FURTHER DETAILS
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Acclaimed as the World's leading
telescopic tiltover tower in the
field of radio communication
Models from 25" to 120"

&

Look for the name
STRUVIECH

Strumech. Engineering Co-Ltd
Coppice Side. Brownhills. Walsall, Staffs

WW—O]O FOR FURTHER DETAILS

OSCi“()SCOpe film magazines.
cameras

More complete details available on request from:

Telford PRODUCTS LTD.

WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND  Telephone:01-998 1011 Telex:935524

m AMEMBER COMPANY OF BENTIMA INDUSTRIES LIMITED

Wireless World, November 1974
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Type 703UA is an FM Tuner with an
associated AM gang. 87-109 MHz supply
voltage +6 IF Bandwidth 400 KHz noise
10dB max. AFC * 150 KHz at 108 MHa.
3: 1 reduction gear 3600 rotation AM
gang 2 x 323 pf plus 12 pf trimmer.

S8LLYS X331 pyvsY (GL) :19)
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*kUse economical 35mm film.

kPulse operationup to 4£p.s.
>k Optional large capacity

*kClockwork or electrical
operation.

WW—049 FOR FURTHER DETAILS

Generates a single minus pulse
of 020-05millisecond.
Built-inpulse generator

RED & GREEN-LED APPLIED LOGIC LEVEL INDICATOR
% Wrong polarity & overload protectors provided
H Detection of the peakvalue of input waveform

#  Dpen circuit or faulty IC can be detected

% All logic levels are visible at a glance
% Unique high/low level probe

ASSOCIATES LIMITED ° )
LBishop‘s Stortford, Herts. Tel: 0279 56347. Telex: 81657 Jaylamps Stort.

Forusein
detecting TTL,
OTL flip-flop
and ather pulse
circuits

Each £14‘00

including pp + VAT
Discounts for quantity

WW—020 FOR FURTHER DETAILS

QUARTZ
GRYSTALS ¥\ 31 D

~HAST!

AEL caTwick HOUSE, HORLEY, SURREY, ENGLAND
Tel: Horiey (02934) 5353 -
Telex: 87116 (Aerocon Horley) - Cables: Aerocon Telex Horley

WW-—014 FOR FURTHER DETAILS



Wireless World, November 1974 a37

REVOX

REVOX A77 Series

The ideal
machine for
logging applications.

Available in speeds from £ ips.

5KHz band-width. Other configurations also
available for immediate delivery.

Write for full information. Scotch 207—Ilowest UK price. IMMEDIATE DELIVERY—ALL MODELS

NOTE NEW ADDRESS-

Industrial Tape Applications
5 Pratt Street,London NW1 OAE.Tel: 0

TA

REVOX A700 Series

3-speeds.

Full deck logic.

Four inputs.

Crystal servo control. Tape footage counter.
Servo tape tension.

WW—100 FOR FURTHER DETAILS

HIRE SERVICE AVAILABLE

485 6162 Telex: 21879

MAPLIN ELECTRONIC SUPPLIES

P.O. Box 3, Rayleigh, Essex. Tel: Southend-on-Sea (0702) 44101
Please add 8% to the final total. Post and Packing
FREE in U.K. {15p handling charge on orders under £1)

VAT

First-class post pre-paid envelope supplied free with every order.

* SAME
DAY
SERVICE

CATALOGUE

Send just 25p NOW! for our superb 80-page CATALOGUE. It’s packed with photographs, illustrations,
and pages and pages of detailed data on our complete range of transistors, diodes, .C.s etc., etc.
Seeing exactly what you’re buying makes ordering so easy!

LEAFLET MES 24: Describes a reverberation module with a choice of two different spring units. (Just send

s.a.e. please for leaflet.)

LEAFLET MES S51: Describes a complete electronic organ which can be constructed using our high-
quality component parts. These are designed so that they may be used later as the basis of a series of larger

LINEAR i.C.s

MFC 40008

38p

NE 555V
8-pin DIL

MFC 6040

and more sophisticated designs. (Please send 15p for Leaflet MES 51.) CA3046 14pin DIL .. .. ... 69  SG1495D l4-pin DIL ... .. £2.70

LHO0042C TOS .. ....... £4.25 SG3402N 14pin DIL . .. .. £1.69

LM380N 14pin DIL ... .. £1.32 HAMIC l4pinDIL . ... ... 45p

ORGAN BUILDERS STOP PRESS/ MCI1303L 14-pin DIL €139 JAT4IC 14pin DIL ... .. £1.05

MES announce the very latest development in organ Two rev"lu‘ﬁonary new lines from MES MCI310P t4-pin DIL £3.15 VAT4BC 8 pin DIL .. ... ... 3%

circuitry. A NEW MFC 8010 ..... . £1.20 WwA7815 TO3 £2.30

THEIDMO3 .COAXIAL PLUG MEC9020 .. ....... ... £1.39  pA796 (MCI496)TOS .. ... 95p

13 Master Frequencies on ONE tiny circuit board. Exceptionally high quality, MVR 5. [2or 15V TO3 £1.60 ZN4I4TOIB . ... .. £1.20
LOOK AT THESE AMAZING ADVANTAGES small and compact. For use NES6IB 16-pin DIL .. ... £4.48

* 13 frequencies from C8 to C9. % Each frequency with 750 lowloss cable.

digitally derived from a SINGLE h.f. master oscillator.
*  Initial luning for the WHOLE ORGAN: ONE
SIMPLE ADJUSTMENT. * Relative tuning NEVER
DRIFTS! & External control allows instant tunc-up
to other musicians. % Qutputs will dicectly drive most
types of dividers including the SAJI10. % And each

output can also be used as a direct tone source. * Vare

able DEPTH AND RATE tremulan: optional extra. Pack of 75, SS&%E]}])AS} 36p 75[’
% Gold-plated plug-in edge connexicn. * Complet ackiofyicn P R 0

fibregi: d {includi 1 if required) ONLY Pack of hundred £6.75 SLIMGRIP 100

B boar
3.7in. X 4.5in. % Very low power consumption.

* ECXTREMELY ECON]OMICAL * ?.a.e. lease Marks the end of the old-fashioned thumb-wheel switch. These

PRICE. & Ready built, tested for full technical precision shde-operated switches enable any number from O

and fully guaranteed. details. ; . Y

DMO2T  (with tremulant) ONLY 10 rofocfeciecteditlonclsif " SYNTHESISERS

£14.25. Trade enquiries | action. Big (7 X 11 mm)easily e We stock all the parts for the “Electronics Today International”
DMO2 (without tremulant) £12.25. welcome. readable 7-segment type num- w SOUT ek -

SAJ110 7-stage frequency dividers in one 14-pin DIL
package. Sine or square wave input allows operation
from_almost any type of master oscillator including the
DMO2 (when 97 notes are available}. Square wave
outputs may be modified to saw-tooth by the addition
of a few components. SAJ110: £2.63 each OR special
price for pack of 12: £25.00. S.ac. please for data sheet

Ridiculously simple assembly
makes them far quicker to use.
No threads to jam. No solder-
ing required. Unique design.
Extremely economical.

A BCD OUTPUT 10-DIGIT SWITCH

ber indicator built in. Pins
are at standard D.I.L. spacings.
Long-life gold-plated beryllium
bronze contacts rated 0.5A at
S0V. Overall size only 45 X
12X 10mm. Price £1.38each

e (= ‘..|_- i

TYPICAL FRONT PANEL

8-pin DIL

T05 or 14-pin DIL

synthesiser including all the P.C.B.s required and all the metalwork

including a drilled and printed front panel for a truly professional finish.

Some of the circuits in this brilliant design are entirely original.
opinions agree,
Synthesiser is technically superior to practically all synthesisers available

Independent

authoritative

the E.T.I

today. S.a.e. please for our detailed price lists.

International

WW—037 FOR FURTHER DETAILS
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Our .
electronics
are asignal
SUCCESS

Our manufacturing resources could contribute to your
success, too! We've chalked up many years of service
to ministries, government departments, armed forces,
and a formidable list of significant names in industry.
They all come to Whiteley for the specialist knowhow
and resources we have developed. Can we help you?
We can build to your drawings and specification, or put
our design departments at your service, as needed. From
a small component to a complete system, in audio work,
relay switching circuits, control systems, and many
other spheres—our facilities are ready. The Whiteley
organisation is self-contained. The manufacturing
resources are backed by our own toolroom, sheet metal
working and press shops, plating and finishing lines,
coil and transformer winding shop, plastics moulding
shop and a modern new cabinet factory. Capitalise on
all these Whiteley facilities—call us in for a look at your
next electronics need. You'll be in good company!

ELECTRONIC & ELECTRICAL DESIGN

versatility ...

PRODUCTION CAPABILITY
CABINET MAKING

SHEET METAL FORMING/FINISHING

PLASTICS MOULDING
ENCAPSULATION
WHITELEY ELECTRICAL RADIO CO. LTD.
Mansfield, Notts, England. Tel. Mansfield 24762
tondon Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
WW—096 FOR FURTHER DETAILS
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Downtoyour last

voltage stabiliser?

r6dv

Don’t give up.

EEV arestillmaking a
wide range of rugged, reliable
voltage stabilisers and
reference tubes.

Weare still meeting all
requirements - including | ELECTRIC
equivalents for types now i
discontinued by other makers

Write or 'phone for
voltage stabiliser data sheets
and prices.

EEVand M-OV

know how

ENGLISH ELECTRIC VALVE CO L1 D.Chelmstord. Essex. England CM12QU
Tel 024561777 Telex 99103 Grams Enelectico Chelmsford

BOOST
FOR THE GARDNERS
RANGE

50Hz 300VA Square Wave Inverters

ssecE

T
IIIIIIIIIIIIIlIIIIIIIIII

It it's produced by Gardners it must Gardners inverters are designed to

be something special. and it is! drive any mains operated equipment
Now available, models 107A and B are which is not unduly sensitive to the
precision built inverters providing difference between sine and square

240 volts a.c. from 12 and 24 volt waveforms. Incandescent lamps, TV sets.
battery systems. electric drills are typical of a

Both models offer unusually high wide tield of possible applications

output ratings enabling the user to Both the 107A and B models are rated
operate many conventional loads such at 300VA (300W UPF}and will

as lighting and small power tools in accommodate reasonable short term
situations where main power supphes overloads. Price £67 plus VAT.

are not available. Brochure GT 28 gladly sent on request.

(Gardners)

Specialists in Electronic Transformers and Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited Christchurch Hampshire BH23 3PN
Telephone 02-015 2284 TELEX 41276 GARDNERS XCH.

WW—070 FOR FURTHER DETAILS
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thisis O’raar

Otari DP4050

Ideal for 1 cassette copy or 10,000

From Japan’'s biggest manufacturer of Tape
Duplication equipment, the DP4050 reel to cassette
copier.

Foolproof operation for non-skilled personnel.

Eight times copy speed.

Automatic cycle through Record-Rewind-Stop.

Absolute consistency in manufacture through
large volume production.

Modular construction.

Servo-controlled direct capstan drive.

NOTE NEW ADDRESS-

Industrial Tape Applications
® 5 Pratt Street, London NW1 OAE. Tel: 01-485 6162 Telex: 21879

WW-—101 FOR FURTHER DETAILS

TYPE CR100

Designed and built to professional standards this British
product introduces a new price/performance concept in pen-
recording. Modular design and optional facilities permit an
advanced system to be built up at a modest cost.

Facilities include access to a transmitting potentiometer with
or without ""High-Low’ alarm facilities; remote control of
speed selection; extension of basic speed ranges by externally
generated digital pulses; ability to ‘slave’ one recorder to
another for chart speed correlation; event marker; range of
existing and projected plug-in pre-amplifiers.

Slewing rate: 400 mm/sec

Sensitivity: 50pV/cm - 500 mV/cm [with pre-amplifier)
Speeds: 1, 2,5, 10, 20 sec/cm, 1, 2, 5, 10 min/cm
Paper size: 270 mm wide [DIN 16230]

Paper drive: Digitally controlled stepper motor

Pen type: Ballpoint, fibre tip /¢apillary

Pen drive: Infinite resolution d.c. potentiometric servo

Compact, robust design

Basic Recorder £21 8.90

Pre-amplifier from £39.60
{prices subject to V.A.T.)

b.). LIloyd Instruments Limited

Brook Avenue, Warsash,Southampton SO3 6HP. Tel:Locks Heath 4221
TelexNo0.477042 JAY JAY - SOTON

INSTRUMENTS

WW—048 FOR FURTHER DETAILS
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u.V. Recorder, 1

Storage Scope,
Scope & Camera?

The alternative!

o ¢ o o 000,
00 & % 0 e & ©
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RECORDING OSCILLOSCOPES

Medelec Fibre Optic Recording Oscilloscopes
are highly versatile top quality general
purpose units specially designed for industry
and research. They are based on the wide
experience gained by Medelec in the exacting
field of medical instrumentation.

¥r High quality, low cost recording

¥r Wideband brilliance modulation

¥ Five Recording Modes include Raster
¥r Simultaneous recording and viewing

v Single frame or continuous records
from a built-in camera

For full technical details or a personal
demonstration of the FOR-4 or any Medelec
unit please contact us.

e

{medelecﬁj &

Medelec Limited Woking Surrey

LTe': Woking (048 62) 70331 Telegrams: Medelec WoknngJ

W\ —(53 FOR FURTHER DETAILS
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The symbol of
sound quality.

Outdoor Weatherproof
Speakers

Specially constructed for outdoor
use with complete weather and
water protection built in.

Power ratings up to 25 watts RMS.

An example of a weatherproof speaker
from a range which even inctudes an
underwater speaker.

For further information and address
of your local stockist write to:

K.F. Products Ltd., Ashton Road,
Bredbury, Stockport, Cheshire.

WW—026 FOR FURTHER DETAILS

from
STARWET

Spectrum Analyser
Module ST858

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two
calibrated ranges Sensitivity Better than 50 mv for 0.5V per cm
Resolution Better than 25 KHz. Dispersion From less than 1 MHz
to 400 MHz variable Input Via 50 ohm BNC connector on front panel
Output 1 Coax cable for connection to Y input on scope Output 2
Coax cable for connection to sync. input on scope Power require-
ments 240 volts AC 50 Hz 10 watts. (Other voltages and frequencies
available as required) Size Width 11in {28cm.) Height 4.375in.
{11.2cm.) Depth 8.5in. (21 6cm.} Nett weight 7.5lbs (3.4 Kgi Gross
weight 10lbs (4.5 Kg.)

For further details contact the sole distributors of
STARWET equipment:

I TMEAD 10
7-9 ARTHUR ROAD, READING, BERKS
(rear Tech College) Tel. Reading 582605

WW—116 FOR FURTHER DETAILS
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HFy with
fronica

Special rate visits to
Munich sponsored by
Electronics Weekly
and Wireless World
In conjunction with
Page & Moy Ltd.

RETURN FLIGHT BY SCHEDULED
AIRLINES VIA HEATHROW

HOTEL ACCOMMODATION

COACH TRANSFERS BETWEEN
AIRPORT/HOTEL AND
EXHIBITION

EXHIBITION CATALOGUE
AND ENTRANCE TICKETS

RECEPTION PARTY IN MUNICH

ELECTRONICA 74

Electronica 74 is held every two years and is one of the top
three European electronics exhibitions.

Products on show this yearrange from components,
semi-conductors to production equipment, instruments
and materials. There will be over 1,700 exhibitors from 28
countries, including about 70 from the U.K.

electronica 74

6th International Trade Fair for
Components and Production Facilities
21st-27th November Munich 1974,

glddiess |

o
74

You have a choice of three dates giving you

2 nightsin Munich :

(a) Thursday 21st November to Saturday 23rd
(b) Saturday 23rd November to Monday 25th
(c) Monday 25th November to Wednesday 27th

SHORT STAY VISITS £87

For all 3 trips you have the choice of the
following flights :

Day1 - Depart Heathrow 09.35 arrive Munich11.15
Day 3-Depart Munich12.00 arrive Heathrow 13.50
or

Day1 - Depart Heathrow 14.45 arrive Munich 16.25
Day 3 - Depart Munich17.15 arrive Heathrow 19.05

Return flight is b%scheduled airline of British Airways or
Lufthansa between London and Munich. Accommodation
in twin bedded rooms on a bed and breakfast basis at the
Esso Motor Hotel. Return coach transfers between hote!
and airport. Three days coach transfers between hotel and
exhibition. Exhibition catalogue and entrance tickets.
There will be a reception party to welcome you in Munich.
A limited number of single rooms are available at a
supplement of £6.00 per person.

EXTENDED STAY VISIT £135.00

If you wish to visit Munich for the duration of the
Exhibition we have organised a visit from Tuesday 19th
November to Thursday 28th November, allowing
10days/9 nights in Munich. The return flight is via
Heathrow by scheduled airlines. Single room
supplement of £27.00 per person.

Further details may be obtained by using the form
below or by ringing Louise Griffiths:
Tel. No.0533-51211.

To:EWDS Electronica, Page and Moy Ltd., 136-138 London Road. Leicester LE2 1EB

Please send me complete details of the short stay visits Od

the extended stay visit O
(please tick which applicable)

Namrt_er(pAI‘ease print)

Telephone No. ]
ATOL No. 133BC

— e e—— — ——
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cations

supply and

request.

RADIO MASTS LIMITED offer a full
range of standard and specialized struc-
tures for the radiotelephone communi-
industry,
services of skilled riggers for erection
and installation. Consult us aiso on the
installation of antenna
systems and associated hardware. Full
details and quotations supplied on

AU

together with the

KT XX}
Y,
AV, 8

e,

Y

Y

)

“J

X

FIM RADIOMASTS =

19 CROSS STREET MOULTON
NORTHAMPTON, ENGLAND
T 491572

CABLE RAMAR NORTHAMPTON

WW—064 FOR FURTHER DETAILS

ENGINEERS

FREE

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

This helpful guide to success should be read
by every ambitious engineer.

Send for this helpful 76-page FREE book now.
No obligation and nobody will call on you. It
could be the best thing you ever did.

@ BN ECUT OUT THIS COUPON Il Il I N
CHOOSE A BRAND NEW FUTURE HERE!

Tick or state subdject of interest. Post to the address below.

Do ,?' u want promotion, a better job, higher
pay? “New Opportunities” shows you how to

get them through a low-cost home study course.
There are no books to buy and you can pay-as-
you-learn.

Computer Programming
Build-As-You-Learn General Radio and TV
PRACTICAL RADIO AND Engineering
ELECTRONICS (with kit) Radio Servicing, Maintenance
Electrical Engineering and Repairs

Transistor Technology

C. & G. Installations and Wiring
C. & G. Electrical Technicians
C. & G. Telecommunications
Radio Amateurs’ Exam. etc., etc.

Electrical Installations and Wiring
Electrical Draughtsmanship
Electrical Mathematics
Electronic Engineering

Computer Electronics O

ALDERMASTON COLLEGE
Dept BWWS5, Reading RG7 4PF

NAME (Biock Capitals Please)

ADDRESS

Other subjects Age
Accredited by C.A.C.C. Member of A.B.CC.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

O
O
m]
O
0O
O

goooog o O

%
o
o

SHEEATRrKMEETALFm.mNG MACHINES

3

Forms channels and angles
down to 45 degrees which
can be flattened to give safe
edge. Depth of fold accord-
ing to height of bench.

One year's guarantee.
Money back if not satisfied.
BENCH MODEL

36" X 18 gauge capacity
24" X 16 gauge capacity

Send for details:
A. B. PARKER

FOLDING MACHINE WORKS,
UPPER GEORGE STREET,
HECKMONDWIKE, YORKS.

Telephone 40 3997

.. . £40.00 carr. free
. .. £38.00 carr. free
Also the well-known vice model of

36" X 18 gauge capacity ... £21.00 carr. free
24" X 18 gauge capacity ... £15.00 carr. free
18" X 16 gauge capacity ... £15.00 carr. free

Add 8% VAT to total price of machine

WW—007 FOR FURTHER DETAILS

BUILD
A PROFESSIONAL TELEVISION CAMERA

Complete kits available as designed by *'Mullard" Includes a compre-
hensive construction manual, less tube and lens at £60-00+VAT.
Lens and tubes also available from stock. UHF Modulator Kits at
£7°19 including P. & P. & VAT. Allows standard domestic TV to be
used as monitor (Modulator also suitable for TV Tennis and other
similar games).

Send Sp stamp for illustrative brochure and price sheet.

CROFTON ELECTRONICS

124 COLNE ROAD, TWICKENHAM, MIDDLESEX TW26@S
Tel. 01-898 1569

WW-—203 FOR FURTHER DETAILS
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Let?

cabine

m_eetlng

Next time you need instrument cases, cabinets or
consoles, made in wood talk it over with Whiteley. It
could be a very profitable discussion for you. Our new
woodworking plant is ready with the most up-to-date

o N oy
e 2o |
BRs "o

LOW COST
INSTRUMENTS

643
FUNCTION
GENERATOR

ceovce § o E75, 5,8
- " + VAT
Accurate Digital Frequency Setting
Wide Range External Control of Frequency
Triangle, Squarewave and Low Distortion Sinewave Outputs
Simultaneous Outputs

NEW

#umcTion
cangmaton |

o I
=g

ot 744
g . COUNTER
T TIMER

L : " - e E £65 + 75p p.&p.
=+ VAT

L L
Measures Frequency, Period and Time

30MHz Frequency Range
Sensitive, Protected FET Input

O.M.B. ELECTRONICS,
RIVERSIDE, EYNSFORD, KENT
Tel FARNINGHAM (0322) 863567

machinery, to provide speed and quality in volume
production. We can work from your drawings, or design
to meet your needs. Tell us the problem. Our specialist
experience spans acoustics, heat dispersal and many ‘
other problems met in instrument packaging—and it's
all at your service.

We can produce cases and cabinets of all kinds, acoustic
hoods, desk consoles, wall boards, loudspeaker enclo-
sures etc., in veneers to any specification, polished or
lacquered, and finishes in cellulose or melamine. We
can assemble the electronics in the case if you so desire.

In fact, we can provide as many facilities as you need, y

from instrument design to sheet metal work and plastics
moulding. Many of the big names in industry cure their
production headaches by calling in Whiteley. When can
we meet you?

Whlteley

versatility...

ELECTRONIC & ELECTRICAL DESIGN }

g B

PRODUCTION CAPABILITY
CABINET MAKING

SHEET METAL FORMING/FINISHING

PLASTICS MOULDING

ENCAPSULATION

WHITELEY ELECTRICAL RADIO CO. LTD.
Mansfield, Notts, England. Tel. Mansfield 24762
London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074

WW_—097 FOR FURTHER DETAILS
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GRAMPIAN REPRODUCERS LTD
T HANWORTH TRABING ESTATE,
e FELTHAM, MIDDLESEX.
"W IELEPHONE: 01-894 9141,
= GRAMS: REAMP FELTHAM

WW-—082 FOR FURTHER DETAILS
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T/RADFORD) brenell

PROFESSIONAL
TAPE TRANSPORTS

and multi-channel electronics
for studio and industrial use

AUDIO MEASURING INSTRUMENTS

LOW DISTORTION OSCILLATOR SERIES 3

A continuously variable frequency laboratory oscillator
with arange 10Hz—100kHz, having virtually zero distortion
over the audio frequency band with a fast settling time.

25mm model

Specification: *  Tapewidths up to 25mm
Frequency range: 10Hz—100kHz (4 bands) *  Speeds: :;rra‘nmd/z mlnlrgum (lepl to 152cm/s max
Output voltage: 10 volts r.m.s. max. % Reel Capacity up stgezegcr:no £
Output source resistance: 150 ohms unbalanced % Remote Contyrol Facility
{optional 150 ohms unbalanced, ‘ * T Tension Control
plus 150/600 ohms balanced/floating) * Aal:em:t?;l(l)nnterlor;krz ainst mi
Qutput attenuation: 0-100dB (8-10dB steps + 0-20dB S“ or el OCk against misuse
variable) * pecial models to customer requ1rements
Output attenuation accuracy: 1%
Sine wage distortion: Less than 0.002% 10Hz-10kHz BRENELL ENGlNEERING CD LTD
(typically below noise of measuring 231-5 Liverpool Road, London N1 1LY. Tel: 01-607 8271
instrument) -]
Square wave rise and fall WW-—077 FOR FURTHER DETAILS
time: 40/60 n.secs.
Monitor output meter: Scaled 0.3, 0-10. and dBV.
Mains input: 110V/130V, 220V/240V
Size: 17" (43cm) X 7" (18cm) high X 83"
(22cm) deep H P H
Price: 150 ohms unbalanced output: £250 prln_clples und. culc“Iu"ons 'o'
150/600 unbalanced/balanced floating output: £300 nudm Mechumcs pu" ‘|
R. A. Bravery and A. P. Gilbert
DISTORTION MEASURING SET, SERIES 3 Part of the Radio, Television and Electronics
(illustrated above) Seryicing Series, this volume deal§ with the
subject matter for Part 1 of the City and Guilds
A sensitive instrument with high input impedance for the Radio Mechanics Course 222.
measurement of total harmonic distortion. Designed for 1974 152pp., illustrated 0408001194 £1.50
speedy and accurate use. Capable of measuring distortion
products down to 0.001%. Direct reading from calibration nupid Se'vicing o' T'unsis'o'
meter scale. - e
Equipmen!  2nd Edition
Specification: 5Hz-50kHz (4 bands) Gordon J. King
Distortion range (f.s.d.): 0.01%-100% (9 ranges) This completely revised second edition takes
'”ﬁ:;"g'_‘age [easirement BOmV_BOV (3 ) account of recent developments such as
- ?es'istance 47;“;th o :I’"Sis capacitor-diodes, f.e.t.s and integrated circuits.
: ranges .
High pass filter: 12dB/octave below 500Hz 1973 180pp., illustrated 040800116 X £1.90
Power requirement: 2 X PP included -
Size: 17" (43cm) X 7" (18cm) high x 83" BobOIICS
{22cmjdegp John F. Young
Price: £200 a R 0
The object of this book is to present a
) ) comprehensive and orderly account of the
Now available in reasonable delivery time principles and practice of rebotics. It will
provide a valuable source of reference for
R AD F o R D LABO R ATO RY research workers and those in related fields.
1973 304 pp., illustrated 0408705222 £6.00
I N STR U M E NTS Ll M ITE D Obtainable through any bookseller or from
NEWNES-BUTTERWORTH
Bristol BS3 2HZ
Telephone 0272 662301 Borough Green, Sevenoaks,
Kent TNI5 8PH. Tel. Borough Green 2247.

WW—109 FOR FURTHER DETAILS
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MEASURE FREQUENCY ANY-

WHE RE WITH MULTIMETER SIZE MINIATURE
INSTRUMENT POWERED BY

FOUR PENCELLS BATTERY

Latest technology miniature device F R E Q.U EN CY METER
uses four 0.3” LED digits to display FM-1

frequency. 5 ranges with coupled

decimal point give resolution of ) IT MEMORY
0.1Hz to 1kHz in decade steps. FOUR ll))II(;PLAY

TAKES UP ALMOST NO BENCH

SPACE. FIVE RANGES

LOW PRICE. £79.50 inc p&p ex vat. 4 ppm CRYSTAL
Mains PSU available which fits SIZE 61 x 31 x 23 in

inside ready drilled case. i ;?”“'m; / l —including knob
- and terminals

5/ ,E//_O} ’ INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1 Tel: 01-278 6273

WW—086 FOR FURTHER DETAILS

GETITWHILE wireless &
T'SGOING  Wore oms

This is the first ever Wireless World Annual. It's got 140
pages of features covering all aspects of electronics and COMMUNICATIONS @ ELECTRONICS
communications — new and established techniques,
some practical, some theoretical — all written 10 the high
standard you’'d expect from Wireless World. Contents \
include : A General Purpose Audio Oscillator by L. Nelson
Jones (a constructional project specially commissioned \
for the annual) ; Constructional Design for a Small Boat
Echo Sounder by John French; Scientific Calculations

with an Arithmetic Calculator by R. E. Schemel. There is
also a reference section packed with useful information. l

£1 from newsagents or £1.35 inclusive
by post from the publishers.

Wireless World Annual 1975

To: General Sales Department, Room 11, Dorset House, I
Stamford Street, London SE1 9LU.

Please send me......_copy/copies of Wireless World Annual 1975 |

at £1.35 each inclusive. | enclose remittancevalue £ ... . . . I
(cheques payable to |IPC Business Press Ltd).

| Name (pleaseprint) .. . s — I

Address I

FREQUENCY COUNTERS

5 DIGIT TYPE 301 32MH:
SENSITIVITY 50mV
STABILITY 3 parts in 108 £75

CRYSTAL  » =
FREQUENCY rjmi=
STANDARD  comms=

LATEST IN THE RANGE TYPE 101 64!())IG;T T\:lPE
OUTPUTS 1MHz, 100KHz, 10KHz 1 32MH:
; 0 SENSITIVITY 10mV
STABILITY 5 parts in 101 £80 AT o e
£115
8 DIGIT INSTRUMENTS TYPE501 32MHz £170 TYPETO1M 50MHz % £205
WITH CRYSTAL OVENS TYPES01M32MHz %ene®  £195 TYPE801AM 300MHz Velort, £285
. TYPE701 b50MH:z £180 Prices exclusive of VAT

SENSITIVITY 10mV A
STABILITY 3 parts in 108 Electronic START/STOP version PLUS £12

o Write for illustrated leaflet

Directly coupled input and customers specific requirements to order
R.C.S. ELECTRONICS NATIONAL WORKS, BATH ROAD, HOUNSLOW, MIDDX, TW4 7EE. TEL: 01-572 0933.



246 Wireless World, November 1974

PRINTED CIRCUIT BOARD TRANSFER SYSTEMS
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Acid resistant transfers for direct application to P.C. Board. Thisisa The printed circuit transfer system is a genuine offer to the public
new approach to printed circuit board manufacture, giving a pro-  and industry. A full money back guarantee is sent with each order,
fessional finish with all details that an electronics engineer would  ¢rade prices on application.

require, inctuding all drilling positions automaticaily marked.

%

Ideal for single unit boards or smalt quantities. All at a very low cost List of Prices
—for example an average 6” X 4" layout would cost less than 30p:

and the time taken under one hour, including etching to complete. Complete system including postand VAT ................ £2.00
The system is simple, briefly it consists of 10 sheets of self adhesive Individual ShEEtS +vassan mesion nssatas besmg omcne puersms e 22p
acid resistant transfers made in required shapes—i.e. edge connec-

tors, lines, pads, dual in line 1.C.’s, 8-10-12. T.0.5 Cans, 3-4 lead SaMPIE/SNEBT: s e 2 e wop b Iactorermife - [ slomeid) e e T 22p
transistors, etc., etc., which only require pressing into the required

positions on the printed circuit board before etching. Printed circuit board PCB transfer systems patent applied for.

E. R. NICHOLLS, 46 LOWFIELD ROAD, STOCKPORT, CHESHIRE
TELEPHONE NUMBER: 061-480 2179

Contractors to H.M: Govt. P.O.

The symbol of REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS

Sound quality. 7— 14 DA YS SERVICE

<« MODEL 8 MKV

€

Background Speakers

Outstanding results from small,
inexpensive speaker enclosures.
Sturdy cabinets either hand
veneered in teak or covered in
Black Vynide.

STOCKISTS

: ALSO SUPPLIERS OF GED
RISSO AND OTHER

MULTI-RANGE TEST SETS

Power ratings
from 1 watt RMS
to 8 watts RMS.

WE SPECIALISE IN ASSEMBLIES, AND IN THE
‘ REPAIR, CALIBRATION AND CONVERSION

OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
l AND PRECISION GRADE

W8DS. One of arange of
four small speakers-
bookshelf orwall mounting—
slim line, square, wedge

or corner cabinet fitting.

LEDON INSTRUMENTS LTD.

76-78 DEPTFORD HIGH STREET, GLADSTDNE WDRKS, GLADSTONE RD.,
LONDON SES. FOLKESTONE, KENT.
TEL:01-692 2689 TEL: (STO) 0305 57555

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire. | l

WW—025 FOR FURTHER DETAILS WW—092 FOR FURTHER DETAILS



Wireless World, November 1974
. ..and now a comprehensive

range of Hybrid Microcircuits.

Electronic valves (a comprehensive range)
_ semi-conductors (a wide variety)
integrated circuits. Priceson request.

Teonex offers more than 3,000 devices. They are competitively priced and they
are superlative in performance because the company imposes strict quaiity control,
Teonex concentrates entirely on export and now operates in more than sixty countries
on Government or private contract. All popular types in the Teonex range are nearly
always available for immediate delivery. Write now foi fzce_ r=ape wasc
technical specifications and prices: Teonex Limited TEON EX AVAILABLE ONLY
2a Westbourne Grove Mews, London W11 2RY FOR EXPORT
England. Cables: Tosuply London W11 Telex : 262256 I

WW—066 FOR FURTHER DETAILS

TPA SERIES -
integrated circuit
power amplifier

L4

‘TPA 50 - D Specification

Power Output 100 watts rms into 4 ohms
65 watts rms into 15 ohms

Freq Response *0.1dB 20Hz to 20KHz into

15 ohms. -1dB at 150KHz

Total harmonic Less than 0-04% at all levels up to
distortion 50 watts rms into 15 ohms

Input sensitivity OdBm

Noise -100aB

Rise time 2 u seconds

Price £59 plus V.AT.

100V Line (C.T.) and balanced inputs available.
For full technical information contact:

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7

WW-—006 FOR FURTHER DETAILS

Magnetrons, Kiystrons, T.W. Tubes, Transmitting

Cathode Ray Tubes, High Reliability Valves and a full

ad47

when reliability
and quality count

Valves, Industrial Valves, T.V. Picture Tubes,

range of Receiving Valves always available.
Professional import and export
enquiries welcomed.

Redan House, 1 Redan Place, London W2 4SA
Telephone: 01-727 0091/2 Telex: 265531
Cables: Edicron London W2

WW-—112 FOR FURTHER DETAILS

co72 e&%%

FM STEREO TUNER

(WIRELESS WORLD, APRIL/MAY)

We are pleased to announce that orders
for cabinets and chassis kits for our F.M.
Tuner design can now be accepted.

These include a solid wood cabinet (not
veneered), all screws, nuts and bolts, plugs
and sockets, plated steel chassis and two-
tone anodized and printed front panel. Details
of these kits will be sent automatically to all
past customers.

New customers are invited to send a SAE
(9" X 6" preferred) for full details and prices
of all our kits to build this high-class tuner.

All parts for the main receiver board, the
stereo decoder board, power supply and
switch units are now available ex-stock.

SAE please to: 33 Restrop View,
Purton, WILTS
SN593DG

WW—091 FOR FURTHER DETAILS
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For the Service Engineer

with dynamic performance
and terrific versatility

The Telequipment D61 Oscilloscope

Service engineers, it's all for you in
Telequipment's D61. In a robust, compact
package you have all the tools of your
trade. The D61 gives you single beam,
dual-trace and X-Y modes; automatic
selection for TV line or frame displays, and
for chopped or alternate modes.

The lightweight easily portable D61 provides
a wide ranging performance at the minimal
cost of £125* — a sum quickly recoverable

in the time saved by the simplicity

and reliability of its operation.

*Exclusive of VAT

A minimum of controls makes it extremely
simple to use and gives room for a large bright
8 x 10cm display. These features, plus the
superb triggering qualities built into the
instrument make the D61 ideal for the
discerning test engineer

For full details contact

TELEQUIPMENT B«

Tektronix U.K. Ltd.,
Beaverton House, P.O. Box 69, Harpenden, Herts.
Telephone: Harpenden 63141 Telex: 25559

TQ12 974

WW-—083 FOR FURTHER DETAILS
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Quad broadcasting
Weather satellite station

This month’s front cover carries a cloud
cover picture obtained from a weather
satellitc and introduces G. R. Kennedy’s
article on a weather satellite ground sta
tion in this issue.

IN OUR NEXT ISSUE

(published November 20)

Capacitors survey. Review of the basic para
meters of capacilors and types of construction
with a comparison chart o aid selection.

Rhombic u.h.f. TV aerial. Design with good
gain and directivity. with coaxial to wire
transition. for mounting in the loft.

Psychoacoustics of surround sound. Discus

sion of how weil surround-sound systems meet
the ears’ requirements for localization.
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Welcome to our chamber of horrors. Inside the Shure Quality Control laboratory,
some of the most brutal product tests ever devised are administered to Shure micro-
phones. The illustration above shows a ‘“shaking” machine at work on a Shure
microphone and noise-isolation mount. It's only one in a battery of torturous tests
that shake, rattle, roil, drop, heat, chill, dampen, bend, twist, and generally commit
mechanical, electrical and acoustical mayhem on off-the-production-line samples
of all Shure microphones. It's a treatment that could cause lesser microphones to
become inoperative in minutes. This kind of continuing quality contro! makes
ordinary “spot checks” pale by comparison. The point is that if Shure microphones
can survive our chamber of horrors, they can survive the roughest in-the-field
treatment you can give them! For your catalog, write:

Shure Electronics Limited " ®)
Eccleston Road, Maidstone ME15 6AU i.! SHURRE
Telephone: Maidstone (0622) 59881 Y |
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Ambiguity in diagrams

An article in this issue draws attention to the need for meaningful layout, of both
symbols and connections, in circuit diagrams. The layout should be meaningful in the
sense that a group of symbols and connections should be immediately recognizable
as having a particular function—an emitter follower, a multivibrator or whatever it is.
This is essentially a matter of pattern. The eye quickly recognizes a familiar pattern
without studying all the detail that goes to make up that pattern.

The absence of familiar patterns results in uncertainty of interpretation. There is,
however, another source of uncertainty, in thg possible ambiguity of the lines we draw
in our diagrams. In electronics we have block schematics, theoretical circuit diagrams,
logic diagrams, equivalent circuits (e.g. of semiconductor devices) and wiring diagrams,
and in all of them the components, elements or units are connected by lines. Thus in a
theoretical circuit diagram a line means an electrical connection but not necessarily
an actual length of conductor; in a wiring diagram a line does literally mean a length
of conductor; and in a block schematic or logic diagram a line usually means a path
for information flow but possibly an electrical connection as well.

There is not much of a problem when the whole of a diagram is of a distinct category
and is readily seen to be so. But such is the complexity of our modern electronic
systems that many diagrams we see printed contain several categories of diagrams—
they are hybrids. Thus a line might leave a transistor symbol as an electrical con-
necting path and arrive at a logic gate symbol as a binary information path. Analogue
can mysteriously become digital, and vice versa. A very familiar situation nowadays
is the presence of drawings of integrated circuit packages in the middie of theoretical
circuit diagrams. The packages have numbered terminals and the lines attached to these
terminals therefore seem to be part of a wiring (or printed circuit) diagram, helping
one to construct the equipment concerned; but the other ends of these lines are no
longer conductors in the physical sense but symbols for electrical connections in the
theoretical sense.

Thus the meaning of a line in such diagrams can be ambiguous. It’s difficult to see
at present how any convention in drawing can avoid this ambiguity. Labelling the lines
seems cumbersome and unnecessarily explicit. Does the ambiguity really matter?
Perhaps the experience and mental agility of those who use the more complex diagrams
are sufficient to cope with the metamorphosés of the lines. But students and beginners
in electronics could well be worried by this oddity, especially when translating a
“hybrid” diagram into terms of hardware. What is needed is a neat method of showing
the status of a line in a particular position which can be readily understood by all, and
we commend this problem to our readers.
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Quadraphonic broadcasting—current
proposals and the way ahead

by Michael J. Carey, B.Sc.(Eng.), A.C.G.l., and John C. Sager, B.Sc.

Several proposals for quadraphonic broadcasting have been put forward in the United States of
America. This article reviews the merits of these and then discusses the performance of three-
and four-channel systems. A three-channel system is advocated for quadraphony with the
possibility of using the fourth channel for height information at some future date.

The problem of quadraphonic broadcasting
is where to put third and fourth channels
while maintaining the existing standards
for monophonic and stereophonic listeners.
The systems' now before the NQRC* in
the USA are agreed on the method of
transmitting the third channel. They all
co-locate this with the existing stereo sub-
carrier channel but in phase quadrature,
so there is no interference betweenthe three
channels.

The need for a fourth channel and the
method of encoding to be adopted for its
optimum use is discussed later, but if it is
necessary the provision of a suitable slot in
the frequency spectrum of the f.m. signal is
a much more difficult problem, and results
in a number of separate solutions being
proposed. The reason for this can be seen
by considering the present use of the
spectrum in the USA. The problem is the
SCA (Subsidiary Communications Auth-
orisation) transmissions, occupying the
frequency range 61 to 73kHz (Fig. 1). This
makes it difficult to fit in the fourth channel
since this is the most suitable place for it.

Two four-channel systems, proposed by
Quadracast Systems Inc and RCA, are
not compatible with the SCA transmission.
They each propose a second double-side-
band suppressed-carrier channel using
the second harmonic of the 38kHz stereo
subcarrier as the carrier. Providing a full
bandwidth channel, the channel spectrum
extends from 61-91kHz (Fig. 2). In the
same way that a stereo signal can be
generated by switching between left and
right channels at 38kHz a composite quad-
raphonic signal can be generated by switch-
ing between the four channels at 38kHz.

The system proposed by General Electric
(USA) provides for the fourth channel as
a vestigial-sideband  suppressed-carrier
signal with the second carrier again at
76kHz. The vestigial filtering enables a

*The Electronic Industries Association-sponsored
National Quadraphonic Radio Committee is due to
report to the FCC early next year, see p. 458—Fd.

new SCA channel to be provided between
90 and 100kHz. Here, however, a switching-
type modulator cannot be used and the
encoder must incorporate a vestigial side-
band filter.

The Zenith Corporation also proposes a
vestigial sideband system as one of the two
it puts forward. Both these systems leave
the SCA broadcasts as they are now and
allocate frequencies above 76kHz for the
fourth channel. This is accomplished either
by transmitting a single-sideband signal on
a 76kHz carrier or a vestigial-sideband
signal similar to the GE system but using
a carrier at 90.25kHz.

The other proposal, by Duane Cooper
and Nippon Columbia Co, has two options
for the fourth channel. Where there is no
SCA, a single-sideband signal of 15kHz
bandwidth is transmitted from 57.72kHz;
where SCA is to be used the bandwidth is
restricted to 3kHz, so the SCA channel
can-occupy its present position.

The criteria we used to judge the
systems are:
® minimum degradation of the signal-to-

noise ratio of the received signal
® minimum extra bandwidth required
® simplicity of encoder and decoder.

The first and third requirements are self-
evident; what may not be obvious is the
need to restrict the bandwidth of the signal.

The reasons for this are

—noise per unit bandwidth increases as
bandwidth is increased

—bandwidth and phase response of many
tuners now in use is restricted

—warbling noises that can occur due to
adjacent channel interference would be
worse with increased bandwidth

—gain-bandwidth product of the receiver
can be kept to the minimum.

The two Zenith systems do not meet
any of the above criteria. The Cooper/
Nippon Columbia method does, but the
use of an s.s.b. signal is best avoided as
it can lead to peaks in the deviation of the
complete signal. The remaining three
systems are mutually compatible as far as
receiver design is concerned. The use of
v.s.b. and the SCA channel at 95kHz can
add complications to the transmitters of
stations but they do not inhibit the optimum
use of the bandwidth by other stations.
Each of these systems degrades the overall
signal-to-noise ratio by 3dB (ref. stereo)
when the 38kHz channel is in use, and 9dB
(ref. stereo) when all four channels are in
use.

Three- and four-channel systems

Are four channels necessary? It can be
shown that a sound field, as it affects an
observer, can be represented by an infinite

45°,
subsidiary
L+R L-R carrier
10 %%t WL-’
15 19 23 38 53 61 71

MODULATION FREQUENCY (kHz)

Fig. 1. Present allocation of the modulation spectrum showing the positions of the
‘monophonic signal, difference signal and “‘storecast’ channel.
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Fig. 2. Modulation spectra for proposals
currently being assessed by the NORC.
Three systems require the SCA channel

to be moved—QSI and RCA(a) and GE(b).
Zenith systems, (c) and (d), place the
fourth channel at a high frequency and
are consequently susceptible to adjacent
carrier interference. (Fourth channel in
(b) and (d) should have lower sidebands
shown flat-topped for the most part. In

(d) limits should be 80 and 98kHz.) The
Cooper/Nippon Columbia proposal (e)
allows a narrow-band fourth channel and
the existing ‘‘storecast’ broadcast, but a
Sfull-band fourth channel would necessitate
moving it. (Quadrature channels are
encoded with referencg to 45°.)

Fig. 3. Graph showing the subjective
effect of two-, three- and four-channel
transmission systems on the accuracy of
sound image location.

number of spherical harmonics in an
exactly similar way to the manner in which
an electrical waveform can be represented
by a Fourier series of harmonics. The nth
spherical harmonic requires 2n + 1 indepen-
dent coefficients to describe it, therefore N
harmonics require

N

XQ2n+1)=(N+1y

n=0
coefficients in total. Thus to reconstruct a
sound field at a remote point there must be
a means of transmitting the values of all
these coefficients. Also, as the sound field
is time varying, the coefficients will also be
time varying. It is obviously impractical to
transmit enough information to completely
describe the sound field so the harmonic
series must be truncated.

The simplest non-ideal representation
of a sound field is an harmonic series of
zero order (n=0). This requires one co-
efficient to describe it and consequently one
transmission channel. This corresponds to
monophonic sound transmission. A first-
order series representation requires four
independent transmission channels to
transmit the coefficients, while a second
series representation requires nine channels.
Increasing the number of spherical har-
monics used to re-create the original sound
field improves the ability to represent fine
detail in the sound field but at the cost of
increasing the number of transmission
channels required to convey the information.

The above analysis refers to the repre-
sentation of a three-dimensional sound
field. If the representation is limited to two
dimensions, i.e. to sound coming only from
directions around a horizontal plane, the
number of coefficients required is reduced.
In this case the total number of coefficients
required is 2N + 1 for N circular harmonics.
Again the zero-order representation is the
monophonic case but now the first-order
representation requires only three co-
efficients and the second-order only five.
A more comprehensive and rigorous
analysis of possible surround-sound systems
is given in reference

At this point, one might ask if it is
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INTENDED DIRECTION

impractical to use a large number of
spherical or circular harmonics to re-
create a sound field, how few can we get
away with and still make the result indis-
tinguishable, or at least not unacceptably
different, from the original as far as the
human ear is concerned. Experiments
carried out in Japan suggest that, for the
two-dimensional case, a first-order repre-
sentation (three channels) gives good
results and that the improvements to be
gained by using a second-order representa-
tion (five channels) are marginal.

It would appear, then, that for the usual

four-speaker layout, i.e. all speakers in the
same horizontal plane, only three channels
are required to adequately represent the
original sound field, although at least four
speakers are required in a practical system
because of image location problems when
speaker pairs subtend large angles at the
head. In fact four channels produce a non-
optimum system as there is too much infor-
mation for a first-order representation and
not enough for a second-order representa-
tion. The effect of this extra information is
to increase the angular resolution of sound
sources appearing to come from directions
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close to the location of the speakers. (This
effect is much reduced using eight speakers.)

The effect is shown graphically in Fig. 3
which is reproduced from reference3. The
horizontal scale shows the bearing angle
of the intended location of the sound source
from the straight-ahead position (0°) and
the vertical scale gives a measure of the
uncertainty about the intended direction
of the sound source expericnced by the
subjects. In each case four speakers were
used but the information was transmitted by
the two-, three- and four-channel members
of a family of transmission systems known
collectively as UM X*.

It shows clearly that the uncertainty in
sound source location is much reduced
near the speaker locations (45° and 135°)
in the four-channel case (QMX) whereas
the resolution is much more uniform in the
three-channel case (TMX). The graph also
shows just how unsatisfactory isthe attempt
to transmit surround-sound in two channels
(BMX) with any degree of accuracy of
location and also the shortcomings of the
pairwise technique of mixing single sound
sources into a surround-sound field. (The
results for the discrete four-channel case
were produced by this method.)

An alternative proposal

It seems then, that there is a spare channel
available with a quadraphonic broadcasting
system for alternative use. The obvious
thing to do is to use this channel to convey
height information. Experiments® suggest
that the addition of height information
makes a significant improvement in the
realism of the reproduced sound.

If this is done the resulting system must
be compatible with the present monophonic
and stereo system and also with the three-
channel horizontal surround-sound system.
This can be ensured by using the baseband
channel to carry an omnidirectional signal,
the channel on the in-phase 38kHz sub-
carrier to carry a leftright signal. the
channel on the yuadrature 38kHz subcarrier
1o carry a front-back signal and the channel
on the in-phase 76kHz subcarrier to carry
an up-down signal. This then enables mono-
phonic receivers 10 use the omnidirectional
signal and sterco receivers to use, as well,
the left-right signals, as at present. A three-
channel receiver would also make use of the
front-back signal to create a two-dimen-
sional surround sound system and a full
four-channel receiver would use all these
and the up-down signal to create a three-
dimensional surround-sound system.

The method of encoding source material
into this format is relatively simple. especi-
ally in the case of live material, e.g. concert
broadcasts. If an array of four cardioid
microphone capsules is placed in close
proximity and with their directions of
maximum pickup pointed at alternate
vertices of an imaginary cube at the centre
of which the array is located. then four
signals produced contain all the information
required by a three-dimensional surround:
sound system. By convention. the directions
in which the microphones point should be
left-front-up (L.f.u.). left back-down (1.b.d.),

LFU

\ /RBU

microphone X Z
array ~_| / front

Vg
left ‘}{\ /7
A g \\\\ |
~
// L— — -—>7‘RFD
e
s /
// /
LBD

Fig. 4. Microphone aiming directions for
Sour-channel, three-dimensional surround-
sound pickup.

Fig. 6. Relationship of 19 and 57k H:z
pilots showing that composite pilot does
not exceed 19k Hz pilot in umplitude.

10°%s

peak peak

9:4° ‘
3-33%
peak
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composite
signal

X
rotation rate L W
= 38kHz

LBD ~< RFD
RBU
Fig. 5. Schematic showing principle of

sampling four signals sequentially to
produce a4 composite signal.

LFU T
91kHz

19kHz pilot

composite pilot

/ N\

| N/

/

57 kHz pilot

right-back-up (r.b.u.), and right-front-down
(r.f.d.). The arrangement is shown in Fig. 4.

The system is very similar in concept to
Blumlein’s original coincident microphone
technique for stereo sound pickup. The four
signals produced may need to be processed
by a 4X4 matrix with real coefficients to
alter the balance between direction-depen-
dent and direction-independent sound in the
signals for a $ubjectively more pleasing
effect. Sources picked up by single micro-
phones can be mixed into a surround-sound
field by feeding the signal to all four channels
with the gains to each channel adjusted
so that the source appears to be located in
the desired direction. If the four signals are
now sampled sequentially in the order 1.f.u.,
Lb.d., r.b.u,, r.f.d., with a repetition rate of
38kHz and all frequency components above
91kHz are removed by a low-pass filter it
can be shown that the resulting signal is the
one required.

Fig. 5 shows the encoding principle and
Appendix | sets out the mathematics of the
process. In practice an additional pilot
would be required. perhaps at 57kHz, to
indicate the transmission of three or four
channels as opposed to only two channels.
The four channels could be easily recovered
using techniques similar to those already
developed for decoding stereo broadcasts.

Conclusions
In this article we have reviewed several

proposals for broadcasting surround-sound
information and have shown that some of
these have to resort to inelegant complica-
tions to accommodate SCA transmissions.
We have also shown that three channels are
sufficient for a horizontal surround-sound
transmission system and have therefore
suggested that the fourth channel should
be used to convey height information in a
manner compatible with existing mono
and stereo systems and the three-channel
horizontal system. It is unlikely that a
three-dimensional surround-sound broad-
cast system based on this is feasible in the
near future. However, it is important that
the option of eventually broadcasting using
such a system should be left open whilst
catering in the immediate future for a two-
dimensional system.

Present needs would be fulfilled by
adding a third channel modulating a quad-
rature 38kHz subcarrier. This would
entail a degradation of only 3dB or so in
signal-to-noise ratio over and above that
of the present stereo system. A second
pilot tone would be needed to indicate
whether all four speakers are required
(for the three-channet system) or only the
front pair (for stereo). This could con-
veniently be placed at 37kHz and if its
level were kept sufficiently low the peak
deviation caused by both pilots would be
no greater than that of the 19kHz pilot
alone (sce Fig. 6).
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Appendix

The sampling process can be regarded as
multiplying each of the audio signals by
one of the switching functions in Fig. 7
and adding to produce a composite signal

S=(LFU)A+(LBD)B+
(RBU)C+(RFD)D. (D

Each of the switching functions can be
expanded as a Fourier series thus:

A =4i+1—(sinwt+coswt+sin2a)t+ 8 o)
i
B=%+l—(sina)t—coswt—sin2a)t+ ce)
Fis
C:%+1—(—sina)t—-coswt+sin2wt+ »ia)
Fis

D=%+—1—(—sinwt+coswt——sin2wt+ e
i1

where w@=2X38kHz. The series are
truncated to include only terms in wf and
20t, as 3w and above terms are filtered
out prior to modulation of the broadcast
transmitter. Substituting into equation |
and rearranging gives
S=(LFU+LBD+RBU+RFD)+
+(LFU+LBD - RBU— RFD)sinwt
+(LFU—LBD—-RBU+ RFD)coswt
+(LFU—LBD+RBU—RFD)sin2wt (2)
This, together with 19 and 57kHz pilot
tones would be used to modulate the
transmitter.

Consider now a spherical co-ordinate
system (r,6,¢) aligned in such a way that
¢=0 represents up, =0, ¢=r/2 repre-
sents forward, and 8= n/2 represents left.
In this co-ordinate system the polar
diagram of an upward-pointing cardioid
microphone can be described by r=
0.5+ 0.5cos¢.

By applying transformations to rotate
this polar diagram to point in the four
specified directions gives the following
equations for the microphone polar
diagrams:

rieu=0.5+ 0—',?(00505'm¢+ sinfsing + cosg)

ripp="0.5 +0—'35(—cosf)sin¢+sin()sin¢—cos¢)
05493 3 P

Frer="0" +~E(—cosesm¢—sm()sm¢+cos¢)

rrep="0.5 +9'ﬁ—5_(cosf)sin¢; sinfsing — cosH)
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Fig. 7. Switching functions used to sample
the four audio signals.

T=

If the coefficients of the terms in equation
2 are represented in terms of equations 3.
the following equations result:

W

HLFU+LBD+RBU+RFD)=2,
the polar diagram of an omnidirectional
microphone;

7(LFU+LBD—RBU~— RFD):%

the polar diagram of a horizontal figure-
of-eight microphone aligned left-to-right;

r(LFU—LBD—RBU+RFD)= %cos@sinqb,

sinfsing,

the polar diagram of a horizontal figure-
of-eight microphone aligned front-to-back;

r(LFU—LBD+RBU—RFD) = %cosqb,
the polar diagram of a vertical figure-of-
eight microphone.

Therefore the coefficients of the
modulating function equation 2 represent
respectively, an omnidirectional signal,
a left-right signal, a front-back signal and
an up-down signal—just as required.
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“Project”

Pt. 3 of the article “A digital clock and
calendar” has been unavoidably postponed
until the December issue.
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(HF predictions)

for November

Seasonal change brings F layer MUFs consider-
ably higher by day and slightly lower by night
with a small peak occuring before the pre-dawn
dip. Layer virtual height, and thus elevation
angles, are lower, less than the night value in
fact. E layer MUFs, and ™ thus screening
frequencies, become lower, so the overall
effect is a considerable increase in the
available spectrum width by day. This is
offset to some extent by larger day to day
variation of signal and noise levels.
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Letters fo
the Editor

ELECTRONIC
IGNITION

Mr Watkinson has given us an interesting
article on electronic ignition techniques
(July issue). As we are convinced of the
superior performance and development
potential of the capacitor discharge (c.d.)
system, we will confine our comments to
the relative merits of contactiess and con-
tact derivation of the timing pulse for c.d.
units, as laid out in the bottom two lines
of Mr Watkinson’s table of improvements.
This table, incidentally, by means of dot
rating, would seem to contain the only
criticism of mechanical contact derivation
in the article, emphasised of course by
the weight of material written on alter-
native methods of deriving the timing
pulse.

We disagree with some of the dot
ratings given:

Acceleration or fuel consumption will
be improved by the same factor, other
things being equal, by a c.d. system using
either contact or contactless derivation
of timing pulse. Both systems suffer the
same systematic and random errors since
these are generated mainly in the crank-
shaft to distributor drive line and not by
the actual pick-up system. We have found
the c.d. system energy discharge para-
meters to be the controlling factor.

Increased r.p.m. The importance of
points bounce has been greatly exag-
gerated in the literature. A good contact
type c.d. system should feature a bounce
suppressed firing circuit. This permits
operation up to 12000-15000 r.p.m. on
four-cylinder engines and further if contact-
breaker points having a stronger spring are
used. Since this will be beyond the range
of even most competition engines the
distinction between contact and contact-
less systems is academic. Some other
engine factor, e.g. valve bounce, .will
limit the maximum r.p.m. first.

Servicing. We must include servicing
of the c.d. unit itself, and contactless
systems are inherently less reliable than
contact systems simply because they
must use a greater number of components
to achieve the same end as a contact
system. It can be argued that the contact

system requires points maintenance but in
practice, since the points are relieved of
their load by the c.d. system, the erosion is
negligible. It has been our experience that,
provided the distributor cam is lubricated,
contact-breaker sets will last 20,000 to
50,000 miles without adjustment. At this
mileage interval one would wish to check
ignition timing in any case to compensate
for crankshaft to distributor drive line
errors.

Once again the design of the c.d. unit
proper can have a bearing on the servic-
ing demands of the ignition system since
some systems can overstress coil and
distributor insulation with excessively
short pulses of high amplitude. This leads
to premature breakdown and occurs
regardless of timing pulse derivation.

Breakdown of electronic components,
being unpredictable, could leave one
stranded miles from anywhere in the
middle of the night, possibly on an urgent
journey. Would one then rate a contactless
system highly or would one prefer a
contact system which can be converted
to the Kettering system in a few seconds?

We find that claimed advantages of
contactless derivation when examined
closely are debatable, and that the design
of the c.d. unit proper has far more
bearing on engine performance and
reliability. The high (120mlJ) output of our
own system, for example, is advantageous
especially on commercial engines when
low octane fuel is used. M.p.g. improve-
ments of 10-15% have been observed
under these conditions where lesser energy
systems of contact or contactless timing
gave no improvement.

D. Anderson,
C D Ignition Ltd,
Currie, Midlothian.

Mr Watkinson replies:

I thought it sufficient to dismiss the
contact-breaker by weight of superior
alternatives, as any condemnation outright
of such an apologetic device would be
like carrying coals to Newcastle.

No simplified table, in such a general
form as I have drawn, can tell the whole
truth, and to clarify the picture the text
distinctly says “It (the table) shows the
effect of using a particular technique with
all other parameters remaining equal. The
fact that many of the systems allow para-
meters to be changed should be borne in
mind”. If a conventional contact breaker
is connected directly to a c.d. type circuit,
the improvements I have claimed will be
observed. I consider that adding an anti-
bounce circuit constitutes a change of
parameters, and in that spirit Note 3 is
added to the table. It should be self-
evident that adding anti-bounce circuitry
increases the circuit complexity to accom-
modate the shortcomings of the contact
breaker.

In any system which eliminates the
contact breaker, no anti-bounce circuitry
is needed, and thus extra circuit complexity
is offset.

Mr Anderson states that with a c.d.
system the breaker points are relieved of
their load. They are only relieved of their
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electrical load; the mechanical wear is still
present, particularly on the heel of the
moving contact. I cannot accept that any
lubrication of the distributor cam would
remain effective for the claimed mileage,
so if one has to lubricate regularly then
one’s service intervals have already deter-
iorated. It is, of course, not necessary to
lubricate a contactless system, save for
the advance mechanism. In the ultimate
contactless system there is no advance
mechanism.

I agree that there is little difference in
performance between a brand new contact
breaker c.d. and a contactless c.d. How-
ever, after 10,000 miles with no maintenance
I know which will be closer to its original
performance. In the first sentence of my
article I stated that lengthened servicing
intervals were one of the main features of
electronic ignition. Having gained so much
by the adoption of c.d. ignition, it seems
a shame to spoil things by retaining the
contacts.

In the conventional cam and breaker
system, as the breaker rides up the cam
to open, energy is removed from the dis-
tributor shaft. As the breaker rides down
the cam to close, that energy, which was
stored in the breaker spring, is returned
to the shaft. As a result the distributor
shaft receives alternating torsional excita-
tion at a frequency proportional to the
rp.m. and the number of lobes on the
cam. As the advance mechanism contains
both mass (centrifugal weights) and com-
pliance (advance springs) we have a
potentially resonant situation, and the
torsional vibration of the cam relative
to the breaker shaft is a source of timing
scatter, such that the actual point opening
times fall in a statistical distribution
around the theoretical time. No anti-bounce
circuit can eliminate this. A stronger
contact spring makes the problem worse.

In a contactless system, of course, no
such problem exists, as the distribution
of timings about the mean shows a much
smaller deviation.

The technical advancement of the motor
vehicle has been deliberately delayed for
commercial and economic reasons, and for
this reason the modern mass-produced
motor car represents the triumph of
economics over reliability. I hardly consider
that incorporating electronics into the stone-
age motor car in pursuit of reliability can be
a retrograde step. I respectfully maintain
that my article, read correctly, is
accurate.

SUICIDE
SOLDERING

In reply to Mr Clare’s letter (July issue)
regarding earthing oneself via a wrist band
to metal plates, etc., it cannot be stressed
too strongly that this practice is highly
dangerous and potentially lethal. Surely
it is preferable to blow a few fe.ts than
blow oneself into the next world!

The British Standards “Safety Code for
Equipment” is all very well provided an
unexpected fault doesn’t occur.
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Why ot compromise and wear cotton
clothing where possible, install an “earthing
bar” (preferably connected to a separate
edrth from the “mains earth””) and earth
oneself and tools before and at frequent
intervals during the soldering process?
David T. A. Jack,

Bolton,
Lancashire.

My Clare replies:

In reply to Mr Jack, | have two comments
to make to my previous letter on soldering
iron leakage (July issue).

Firstly, if Mr Jack will read my letter,
he will observe that I did not mention
“earthing” oneself nor the metal foil,
only the joining of the two. This, if my
understanding is correct, provides no
additional path to ground which was not
previously in existence, and thus cannot
in itself increase the risk of a fault current
flowing through the operator.

If the foil is earthed, however, it seems
likely to me that any fault current which
is going to flow will take a path from the
operator’s hand (wearing the wrist band
and not manipulating the soldering iron)
to the wrist band on that hand and hence
to earth. This is a much less dangerous
path than via the body of the operator,
when the fault current could affect the
heart directly.

Turning to Mr Jack’s “cotton clothing”,
perhaps he can advise our readers where
he obtains these items; all my shirts and
trousers contain at least 65% polyester,
a well known capacitor dielectric!

I would like to comment on a couple of
points arising in the article with the above
title published in the August issue. This
article was. in fact. the unexpected but
welcome outcome of a letter [ wrote to
Mr Scroggic some months ago saying I
had been unable to make sense of the
quoted paragraph from his book ~Phasor
Diagrams™.

[ am glad to say that as a result of
thinking about the opposite-way-round
explanation given in the article, I am now
quite clear about the details of the
original explanation—which, in principle.
I prefer.

What puzzied me at the time was,
indeed, the statement that “what was
generated in L was positive at the A end
whereas a voltmeter would show that L
was positive at the B end”. This, I must
say. seemed like double-Dutch when I
first read it! However, I do not think the
difficulty would have arisen if the para
graph had been worded as follows:

“Looking at Fig. A.1.2. let us suppose that a
magnetic ficld linked with the turns of coil L
is steadily growing. producing an clectric ficld
along the wire turns. directed from end A to
end B. The magnitude of the field, multiplied
bv the length of the wire. is 10 volis. Electrons
in the wire thercfore experience a force pushing
them towards end A of the wire, causing a
surplus of clectrons there and a deficiency at

end B. In other words, B becomes positively
charged with respect to A. Etc.”

It seems to me that an electric field
produced by a varying magnetic field can
be said to have magnitude and direction,
but cannot properly be said to be “positive
at one end”. Surely it hasn’t got an end?
I now appreciate that Mr Scroggie’s
meaning when he said “positive at the A
end” was “as if produced by a positive
charge at the A end of the coil”. But I
think my suggested rewording, i.e. that the
electric field along the wire is “directed
from end A to end B”, is unambiguous
and clearer. Naturally any electrons in
this ficld are pushed in the opposite
direction to this conventional field
direction, thus making the A end of the
coil negative with respect to the B end.

One thing in the recent article I did
not feel quite happy about, however,
appears towards the end of p.292, where
it is said “A first impulse might be to say
that of course there is an induced e.m.f.
in L, positive at B. But further thought
should convince us that is nonsense”. This
did not seem nonsense to. me, and is,
indeed, what T would myself have said.
At this stage I got quite worried, for Mr
Scroggic seemed to have argued quite
logically that it was nonsense! I think the
answer, as Professor Joad would have
said, is “it all depends what you mean
by ‘positive at B’”. If it means “as if
produced by a positive charge at B”,
which is evidently Mr Scroggie’s meaning
once again, then it is nonsense, but if it
simply means that the direction of the
induced e.m.f. is such as to make end B
positive—which I would have thought was
the more generally accepted meaning—
then surely the whole sentence is perfectly
sensible? I tend to visualize the induced
e.m.f. as being equivalent to introducing a
little battery in series with the coil, as
sketched below.

tnduced e.m.f. —p=

)>O——f?ﬂ5?f\—l|lllll
|

Thus it seems to me that this “first
impulse™ explanation is not wrong but is
simply a less detailed one than those
given by Mr Scroggie.

In conclusion. I would like to say what
a superb effort [ think the “Phasor
Diagrams™ book is—a book which I feel
ought to be studied most carefully, and
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acted upon, by everyone seriously
interested in electrical and electronic

engineering. As he says, “The current
state of presentation of the basic theory
of electrical engineering (in its widest
sense) is deplorable”.

Peter J. Baxandall,

Malvern,

Worcs.

Myr Scroggie replies:

I am most grateful to Mr Baxandall for
(1) his outstanding contributions to audio
design, (2) his kind assessment of “Phasor
Diagrams”, (3) the idea of writing “What
is an e.m.f.?”, and (4) his valuable and
constructive criticisms thereof.

[ accept without reservation his
suggested rewording of my quotation from
“Phasor Diagrams”. He explains his point
so clearly and precisely that there is
nothing for me to add.

As regards his second point, I feel that
here our roles are reversed. It is the state-
ment that “there is an induced e.m.f. in L,
positive at B”, which he accepts, that I
considered to be so loose and imprecise
that (for shock treatment) I went so far
as to call it nonsense. The main purpose
of my article was to show that this
statement was, by itself, inadequate and
in fact the reverse of the truth. It might be
acceptable as conventional shorthand that
we know isn’t literally true but which
would take too long to express correctly
every time (like “the sun is rising”). But
such conventions can- be misleading, if
they are taken at face value and the full
story is (as I suspected in this instance)
commonly unknown or misunderstood.

To substitute, as Mr Baxandall does
in his diagram, a battery for the varying
magnetic field, is a good example of the
logical fallacy of “begging the question”,
or assuming what you are setting out to
establish. (It also contravenes the teaching
principle that the obscure should not be
explained in terms of the more obscure;
what goes on in a battery is more com
plicated than an induced magnetic field
and nothing is gained by substituting it.)

The electric ficld which we can deduce
from a voltmeter reading is duc to the
electric charge, positive at B. The only
way we can account for the absence of
any electric field in the wire is by some-
thing we call an em.f., and if this is (as
stated in the above quotation) also positive
at B, then the potential at B must be
doubly ‘positive and the field in the wire
doubly strong. I still believe I am justified
in calling this nonsense. The induced
(e.m.f) field must be equal and opposiie to
the charge field observed by the voltmeter.
“Less detailed™ seems an understatement
when applied to something that is upside
down. I suggest that ~an induced e.m.f.
positive at B is conventional shorthand
for =an induced electric fleld Xlength
causing a separation of charges (positive
al B) which creates an electric field equal
and opposite to its own™. The important
point is that however one regards an e.m.f.
it is wrong to say (in this example) that it
is positive at B. If the phrase is under
stood to mean that it leads to the accumu
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lation of a charge that is positive at B,
fair enough; but does everyone understand
this?

Again, however, I must admit that
describing an induced field as “positive
at A” is rather a loose way of saying that
its direction is the same as that of the field
that would be produced by a positive
charge at A, and I have already accepted
Mr Baxandall’s amendment on this.

Mr Scroggie’s descriptions of basic elec-
tronics are usually most enlightening but
in the August issue he seems to make the
matter of e.m.f. and p.d. most confusing.
The muddle arises from trying to avoid
allowing anything but an electric field to
move an electron. It is made worse when
he superimposes two equal and opposite
p.ds and does not get zero.

His argument makes things complicated
from the start when we consider Fig. 3:
in the circular “electric field” created by
the varying magnetic field where are high
and low potential positions? I realise this
could be explained in his terms by postu-
lating an infinite number of infinitesimal
elements in the circuit but would not the
following be easier? (I am not suggesting
this is “correct”. It has its faults but does
quite well in most common situations.)

A varying magnetic field exerts a force
directly on an electron without first pro-
ducing an electric field. So that we can
compare the effect of the magnetic field
and the electric field we will measure this
effect in the same units.

Suppose that in the circuit shown the
magnetic field through L is varying so as
to have the same effect on an electron as
a p.d. of 10 volts positive at A relative
to B. This does not itself produce any
p.d. between A and B but because elec-
trons will be forced towards A, A will
become charged negative with respect
to B. When the p.d. due to this charging
is 10 volts then the resultant electric field
will oppose the effect of the magnetic field
and no more current will flow. Measure-
ment of the potential across AB with an
ideal voltmeter would show A 10 volts
negative of B. If R is now connected
across AB this p.d. will drive electrons
through R from A to B and if they are not
replaced the p.d. will drop. As the e.m.f.
is not reduced there would then be a net
force on the electrons and their rate of
flow would increase until it is enough to

maintain the p.d. of 10 volts across R.
(No net force is needed on the electrons
in L if L has no resistance.)

This argument can be extended easily
to allow for resistance in L. Inductance
and transformer action can be explained
in these terms if the idea of varying cur-
rents producing magnetic fields opposing
their change is introduced.

Incidentally, there are several otherwise
good textbooks that start by pointing out
the usual concept of an electric field as a
single valued function of a single valued
scalar called potential and then forget this
when explaining the effect of a varying
magnetic field on an electron.

F. C. Cole,
Sheffield,
Yorks.

My Scroggie replies:
Mr Cole’s article is evidence of the truth
of at least the first sentence in my article.

Having carefully studied his alternative
explanation of my Fig. 1 (reproduced in
his letter) 1 have come to the conclusion
that it is the same as mine except for his
inexplicable attempt to avoid what are
generally acceptet as physical facts by
substituting for an induced electric field
(which is known to exert a force on an
electron) the hitherto unknown concept of
something that has “the same effect on an
electron as a p.d. of 10 volts”. If this, and
“the effect of the magnetic field” (in the
next sentence) are replaced by “the mag-
netically induced electric field” then his
explanation and mine (quoted from
“Phasor Diagrams”) are identical.

Does Mr Cole deny that a varying mag-
netic field creates an electric field? If so,
how does he account for electromagnetic
waves (to say nothing of the unanimous
agreement against him on this point)?
Does he deny that an electron in an
electric field (whether due to charges or to
a varying magnetic field) experiences a
force proportional to the field strength?
And if he does not deny these things, why
does he substitute for them his own
mysterious “effect”? If anything is muddling
and confusing, surely that is. Why should
he go out of his way to invent something
other than an electric field to move an
electron?

I wish he had referred me to where I
superimposed two equal and opposite
p.ds and did not get zero, as I cannot
find it. T did say that in L (more
precisely, the region subject to the varying
magnetic field) there were two equal and
opposite electric fields, one of them due to
the equal and opposite electric charges
at A and B, and the other magnetically
induced. Outside L, where the latter is
non-existent, there is only the charge field,
and the p.d. due to this is the one read on
Mr Cole’s ideal voltmeter. But if his volt-
meter had as part of it a coil wound close
to L and making with it a 1:1 transformer,
then it too would have equal and opposite
fields and would read zero.

As to the accusation of making things
complicated at the start with Fig. 3 (a
uniform resistive ring around a varying
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magnetic field), nothing I said about this
was contrary to either physical facts or
generally accepted theory. Mr Cole, by
apparently denying the creation of acircular
electric field (which is the e.m.f) in these
circumstances would seem to be the one
who is making things more complicated
for himself and us. I hope he accepts that
the total p.d. around any closed path is
zero. If so, and the circuit is one in which
the e.m.f. and the opposing IR drop both
happen to be uniformly distributed around
it, the absence of any net p.d. between any
two points on the circuit is obvious, at
least to anyone familiar with Kirchhoff’s
voltage law. Has Mr Cole asimpler explana-
tion, preferably one that does not involve
concepts peculiar to himself?

AMATEUR RADIO
REPEATERS

I have just read the progress report by
Mr Fitch on mobile amateur radio in the
September issue. Mr Fitch suggests that
there is only one British v.h.f. repeater
station in operation on the 144MHz band,
but he expects that there will be others in
operation during the present decade. At
present there are three UK repeaters
operational and several others are
expected to be in use within the next few
months.

In addition to the GB3PI installation at
Barkway (referred to by Mr Fitch), there
is the London repeater GB3LO, now in
operation from a site on Epsom Downs,
and the Bristol Channel repeater GB3BC,
located at an elevated site a few miles from
Newport, South Wales.

The London repeater will shortly be
moved to the Crystal Palace TV station,
which will greatly increase the coverage
provided, particularly towards the south
and east of London, where there are a
number of blind spots in the coverage
from the Epsom Downs site.

The Home Office has recently licensed
another repeater installation to be installed
at an elevated site in Four Marks, Hamp-
shire. It is expected that this repeater will
provide good coverage into the south coast
area from Worthing to Bournemouth and
to the fringes of the coverage provided
by the London and Bristol Channel
installations.

Other repeaters are planned for East
Anglia, Yorkshire, the Midlands and
Scotland. A number of licence applica-
tions from local amateur groups for
repeater stations in the 144 and 430MHz
bands are known to be in preparation for
submission to the Home Office, or are at
present under consideration by the
licence authority.

Mr Fitch is correct in stating that an
access tone of 1750Hz has been stan-
dardized for European repeaters; however,
the Barkway station GB3PI, which
operates co-channel with Bristol, requires
a tone burst of 1700Hz for access.

R. L. Glaisher (G6LX),
Croydon.
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Signal-frequency meter

Digital indication of receiver input frequency

by G. Lomas
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This instrument is a digital frequency meter arranged for a non-zero reset to enable the direct
indication of the frequency to which a superhet receiver is tuned. The oscillator frequency is
measured and i.f. offset is accommodated in the display.

After reading the article by C. Atten-
borough' the writer was inspired to con-
struct a digital frequency meter to replace
the dial on a poorly-calibrated receiver.
This was a simplified version of the one
described, and used the S0Hz mains as a
frequency reference: This proved quite
adequate for medium wave reception, for
which this receiver is mainly used, and
surprisingly useful at higher frequencies.

As this first unit was built integral with
the receiver, a second version, to be des-
cribed here, was made for more general
use with other receivers. This uses the same
basic design, but is self-contained, with its
own power supplies, an optional crystal
reference, and an amplifier to interface with
the receiver. The unit as it stands gives a
four-digit display of kHz, but can be readily
extended to display from tens of Hz to
20MHz or more.

Operation

The functional diagram, Fig. 1, will be
seen to be on fairly conventional lines. The
input signal is taken from the receiver
oscillator via the interface amplifier to the
gate. The measurement cycle, repeated
every 200ms, is controlled by a sequence
of three pulses; reset, gate and store.

The reset pulse first sets the counter,
not to zero, but to some value that will
compensate for the i.f. offset of the oscil-
lator. The pulse opens the gate and allows
the oscillator signal to increment the
counter for a period of 100ms. The store
pulse transfers the value reached by the
counter to the actual display, which then
retains this value until the next store pulse.

The output from the gate is divided by
100 before reaching the counter, thus giving
an effective gating period of 1ms, and a
display in kHz. While this may at first sight
seem a curious way of achieving a Ims
gating period, it does in fact offer consider-
able improvements inthe short-term stability
and clarity of the least significant digit—
early experiments with an actual lms gate
always gave a “fuzzy” display of this digit,
and amarked + 1 effect. While a longer gate
time, with more division, would perhaps

be even better, this value was chosen as the
maximum possible without noticeable lag
in response to the tuning control.

The value to which the reset pulse must
force the counter is dependent upon the
receiver i.f. value and oscillator arrange-
ment. If the oscillator is below the signal
frequency, the counter must obviously
start at the i.f. value, in order to add this
to the count. If the oscillator is above the
signal, as is almost invariable, the i.f. value
must be subtracted from the count. To do
this the counter must start at the tens com-
plement of the i.f. value, so that when the
i.f. value has been counted, all the digits of
the counter are zero.

The tens complement is 10"—i.f. value,
where n is the number of digits in the
display. and the i.f. value is to the same
scale as the display. For four digits, and an

50Hz reference

pulse generator

I

i.f. of 465kHz, this is 10000 —465=9535.
Similarly, for a five-digit display in kHz,
the tens complement would be 99535, so
that in all cases the resultant **1” after the
addition of the if. value falls off the end
of the display, as it were, and leaves it at
zero.

Circuit design

It was found convenient to break the unit
down into several sub-sections, which
could be built and tested independently.
These are the counter/display unit, the
pulse generator unit, the interface amplifier,
the crystal reference,and the power supplies.

Counter/display. This is a four-decade
latched counter driving neon display tubes,
and uses the usual 7490 counters, 7475
stores, and 74141 decoder/drivers. These

4-digit display
(kHz)

store
40ms _I—IF—\\ &

|
|
|
[
I
I
I
|
1

store
5 I'] reset
gate 20ms \I\
) 1 | |
o] I |
100ms I count |
: 100ms |
T \',\
~100 : —2 counter
| I
I
interface } |
amp. | |
| |
[y
) 200ms
input from measurement
receiver cycle

Fig. 1. Basic diagram of frequency meter operation.
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are, however, used in a slightly unusual
manner, in order to be able to reset the
display to any required value. This involves
only the addition of two of the cheapest
i.cs; a 7410 gate package, and a 7404-hex
inverter. The method of resetting isexplained
as follows.

A single-decade counter-display is shown
in Fig. 2(a). This is connected as normal
except that the wiring from the 74141
decoder to the tube is “rotated”, as shown,
five places. If the counter is reset to zero,
the tube will indicate the digit “5”. The
counting action is not affected by this, only
the number at which counting starts after
the reset pulse. The outputs of the 7490

will not now be the b.c.d. equivalent of the
displayed digit, but will be as in the table.
In order to “carry” to the next decade,
a negative-going edge is required, coincident
with the display changing from “9” to «“0”,
which, with normal wiring, is provided by
the D output of the 7490. In this case, it
will be seen from the table that the carry
pulse is required when the counter goes
from 0100 to 0101. This pulse could be
produced by the gating circuit of Fig. 2(b),
which produces the carry by detecting the
simultaneous presence of output C, and
the absence or “not” of outputs A and B.
In Boolean terms this is Carry=A.B.C,
and because the 7490 has only true outputs,

Table 1
Display value at reset Reset counter to Carry at counter Carry logic
0 0 9-0 D
1 9 7-8 A.B.C.
2 0 7-8 A.B.C
3 0 6-7 AB.C.
» or 9 5-4 A.B.C {used)
4 0 54 AB.C
5 9 34 AB.C
6 0 34 AB.C
7 0 2-3 AB.C
8 0 1-2 ABCTD
S (o] 90 D
I displ t
=y 1splay counter
g;sg"'_ago_ 5, digit state
5 6 7 89 01 2 3 4 ; reset ‘0’ DC B A
5) O 0 0 0 (reset)
0 1 2 3 45686 78 9 © © 001
74141 decoder 7 0O 0 10
A B (% D 8 O O 1<
9 O 1 0O
:l :] (carry)
1) (2) (4) (8) O 0 1 0O 1
count | A B & D 1 o1 10
7490 counter
2 o 1 1 1
reset'o’ ’Lﬂeset ‘g’ 3 1.0 00
_,—L 4 10 0 1
(a)

carry gating
for digit 5
at 74900

carry gating
for digit 5
at 74909’

carry= A.B. c

{c)

Fig. 2(a). A typical counter, decoder and display, showing the “‘crossed’’ connexions
between decoder and display. “‘Carry’’ to the next decade is enabled by the circuits of

(b) and (c) for resets to ““0”’ or “9”".
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each “not” requires an inverter. A further
inversion is required from the output of the
gate, as this is a NAND gate, and not a
true AND gate.

If the counter had been reset to 9,

instead of 0, and the wiring rotated only
four places, decoder 9 to display tube 5,
and so on, the display at reset would be as
before. The carry output would now be
required as the counter moved from 0011
to 0100 (b.c.d. 3 to 4). The carry circuit
then becomes as Fig. 2(c) which uses one
less inversion than 2(b). The optimum
reset, 9 or O, for the display of a given digit
by this method is given in Table 1, From
this it will be seen that all but the two digits
7 and 8 can have the carry generated by
the circuit of 2(c), covering virtually all
practical values of i.f.
The full circuit of the counter/display unit
is given in Fig. 3, and is shown arranged for
an i.f. of 465kHz with the oscillator abpve
the signal. The reset value of the display is
therefore 9535, and the carries are generated
as explained, using the 7410 and the 7404.
The addition of the 7475 stores does not
affect the reset system.

The unit is assembled on a printed-
circuit board, which has the ABCD and
input A connexions of each 7490 brought
out to terminal points, together with the
carry-circuit connexions marked ABC
XYZ. These are joined with wire links in
order to implement the gate connexion
required for the reset value chosen. With
this arrangement, any circuits not used for
a particular carry are available to another.
For example, if the i.f. value was the once
common one of 110kHz, and the tens-
complement required at reset, this would
be 9890. Three of these digits could be the
normal reset to 9 or O, and the units and
tens carry taken from output D. The
hundreds decade, from Table 1, would be
reset to 0. The carryto thethousands decade
would be 1.24.38, and could be achieved
as in Fig. 3(b).

The board is arranged to take side-
viewing wire-ended tubes directly, but the
terminations can be wired to sockets for
the larger tubes. The anode resistor for the
tubes will depend on the types used, and a
current of 14mA per tube is adequate for
this kind of display.

Pulse generator. This produces the
sequence of the three timing pulses required
by the counter/display unit, and also con-
tains the signal gate and the divide-by-100.
I.cs used are three 7490, one 7404, and
one 7413 quad Schmitt gate, and the
circuit arrangement is shown in Fig. 4. The
50-Hz input, limited then roughly squared
by G,, drives a 7490 connected in the
square-wave output mode. The 200ms
square wave at output A is used to open
gate G, to the r.f. input for alternate 100ms
periods. The C and D outputs are suitable
for use as the store and reset pulses respec-
tively, but are required only during the
negative half of output A. These are
extracted by gates G; and G, when these
are opened by output A inverted by 7, . The
store and reset pulses are now negative-
going, and require a further inversion to
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get the correct polarity. A single inverter
I, is sufficient for the reset, but the store
output must be able to sink a worst case
50mA at logic zero with four 7475 stores.
This is catered for by the three inverters
I, , s in parallel. [, is spare, but may be used
if more decades are added to the display.

The output from the gate G, is divided
by the two remaining 7490s, which are
also zeroed by the reset pulse to give a
defined start to the count.

The 50Hz input is intended for a nominal
6.3V but will work at half this value. If the
crystal reference is used, the gate G, is not
really required, and the output can be taken
direct to the 7490. In this case the 7414
could be replaced with the slightly cheaper
7410.

The prototype was constructed on a
small piece of Veroboard, and the only
layout point to note is that the signal input
lead to gate G,, and the G, output lead
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must both be kept short, and not inadver-
tently connected to a long length of copper
track.

Interface amplifier. This uses a single 72710
comparator in a regenerative mode, as
shown in Fig. 5. The input impedance is
about 10kQ at a sensitivity of 50mV. The
worst case frequency response is some
12MHz, but all those tried have worked
well at 20MHz. The amplifier is assembled

+200V
+ - O
R, Ro R4 Ra
47k 47k 47k 47k
ZM1020 ZM1020 ZM1020 ZM1020
e e— mnade—— en——b— ——
+5V
Q-———--- 9 B————~— 5 R 3 6—————— 5
kHz x 103 kHz x 102 kHz x 10 kHz x 1 & |
100n
O-————- 9 Q-————- 9 0-——=-=- 9 0———-—- 9
1C4 74141 1C4 74141 1C, 74141 1C, 74141
ov
DC B A D C B A D C B A D C B A 7
Q204 03 Q1 Q2 Q4 Q3 O 02Q4 Q3 O1 Q2 04 Q3 O
[Cq 7475 IC5 7475 ICg 7475 ICs 7475 Stge
D2 D4 D3 D1 Jclock D2 D4 D3 D1 | clock D2 D4 D3 Dy fclock D2 Da D3 D31 jclock
| N I
9 1 s 1T =i
q
9 19 u
DC B BD
A D C B A |BD| | D C B A [EDJ | D C B A JBD
7490 7490 - 7490 7490 count
-— ] N
RSq RSg ina RSo Rsg Lin RSq RSg Kin RSg Rsglin
A A A
l——q Lqp L—AL
: ICyp ICn IC1o ICq
4 7% 2
reset
N O

(a)

(0)

10°

(b)

3

Fig. 3(a). Counter display arranged for reset to 9535. If carry circuits and counter connexions are taken to accessible pins at the edée of
the circuit board, it is easy to arrange alternative i.f. offsets. A gating arrangement for an i.[. of 11 OkHz is shown in (b).
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10%n (a)
oV()—ﬂ

6V30 (b)
s0Hz
Gg Gs3
J J IC
3 RS output
390
[ ¥
count
Gy ClAain[]D Acut[]BD ¢
1 BD IC17 IC18 store
74380 7490
FL D1 RSO reset
2 L L] |
PR,
71» J} ‘ 100ms 40 "~20
g d o ol ~——Soms
reset count store 20ms!
* %7404
Fig. 4(a). Pulse generator circuit. The four Schmitt gates were 7414 in the prototype, but as they are rather difficult to obtain it is
suggested that 7413+ 7440 be used in its place (7413 in G, and G, positions). A timing diagram for the unit is shown at (b).
+12Vv in14
ﬁ—o Fdoo
IC20 Ca Ryq
input %?, ;‘O” Rio 100
* I 11 2
C; output —
—O
ICo; ICo2 ICps ICp4
D an Of Jan of Jan & o
A A Aout
SR ] 7200 = a0 21 7ac0 2 7474
i Bo] “*° |80 BD e
RSol___JRSe RSo|__JrRSs RSo|__JRSg éo
50Hz
—0 it \—
7,”;,, ov ! | 100kHz L
- Lo - O+5V
e CB -
-ev TC"? C76) SnT T 100
Fig. 5. Circuit diagram of the interface ' —Oov
amplifier. Fig. 6. Crystal reference oscillator circuit. The value of C ;5 will depend on the crystal used.
1] 12
IC25 -0 L5y Table 2
L—3 —J $—O to each 1.C. Typical supply current at 5V (mA)
6V3 MC7805CP o unit with all other connexions open.
s 7400 12
+
. 7404 18
o 2:500p 7410 9
| b =& ov 7414 24
p—O to each 7474 1;
b—0O unit 7475 3
' 7490 32
74141 21
adjust for required
voitage +200V
) AAA— >% ® T—C to display
1kak l tubes
200V o
10mA ]' L
interface
amp.
, 680 3
h—O +12V
6V2
O -6V &
o o ”
240V 250p 6vV2
a.c T X
Oov Fig. 7. Power supply.
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on a small printed board, and should be
reasonably well screened.

Crystal reference. The circuit used for the
actual oscillator is rather unusual, but is
compact, and works well with a high-Q
bar. The output waveform has a sharp
(<10ns) trailing edge, ideal for driving a
7490. As shown in Fig. 6, all four sections
of a 7400 quad gate are connected in
series, and held in a quasi-linear state by
d.c. feedback around the first three
sections. Positive feedback from the output
via the crystal defines the frequency, and
the capacitor at the output damps out any
tendency to ring at the crystal overtones.
The 100-ohm resistor in the 5V line
ensures starting. The 100kHz output is
divided by 1000 in the three 7490s, and
then to 50Hz by a half section of a 7474
dual D-type flip-flop. This unit was also
made up on Veroboard, and the 7490s
are used in the “square-output” mode
only because this makes the intercon-
nexions on the board slightly easier.
Calibration is by beating the 100kHz output
with the BBC 200kHz, although for displays
up to four digits this is hardly necessary.
Power supplies. The actual circuit used
is shown in Fig. 7, but this can obviously
be altered to suit individual circumstances.
The 5V current for all the units as described
is around 500mA, but could be more with
some batches of i.cs. If this is derived from
6.3V the supply should be capable of at
least twice this without much voltage drop,
or the ripple will be excessive. If the current
drain is increased by the addition of extra
decades, the MC7805CP regulator wil
need a higher input voltage, up to say 7.5V
to operate correctly.

Each 5V supply should be taken separ-
ately to each unit, from as close as possible
to the output capacitor. This is preferably
a paper type, with a low r.f. impedance.
The interface amplifier requires 6mA in
each line, and the 200V supply must supply
around 11mA per tube.

Construction

This is reasonably straightforward but
should be tackled in an orderly manner.
The power supplies should be completed
first, so that these are available for testing
the other units. Unless sockets are used,
once the i.cs have been soldered in, they
are extremely difficult to remove without
special equipment. Whilst the probability of
a faulty package is very low, it can happen,
and a simple tester is well worth while.
This need be little more than an i.c. socket
on a small board, with the output pins
brought out to some form of terminal.

A simple test of supply current should
be first, with devices taking more than twice
the typical value being suspect (see Table 2).
Logic testing can be done on gates, inverters,
and stores with a voltmeter on the outputs
and the inputs taken to OV, or 5V via a
3.3kQ resistor. Counters can be driven
from a 50Hz supply, similar to Fig. 4, and
the 5Hz output checked with ’phones or
a lamp and driver. Decoder drivers are not
easily checked except by wiring up a single
decade and tube.

When the i.cs or sockets are soldered in
place, it is a good plan to test after each one
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that the supply rails have not been shorted
by a blob of solder.

Sub-assembly testing

Pulse generator. The first test should be
supply current. which should be of the
order of 90-130mA. For testing the pulse
outputs, a double beam oscilloscope is
ideal, but the SHz output is just discernible
as a slight dither on a voltmeter around a
mean value of 1V or less. Or it can of
course be checked audibly with ’phones.
These can also be used to test the count
output if a signal of few hundred hertz
is fed to the r.f. terminal. For all these
tests, of course, the 50Hz reference must
be present at the input of G,. If all the
outputs seem present, the unit is probably
correct, and further tests can be made in
conjunction with the counter/display unit.

Counter/display. Supply current should be
typically 300-350mA from the 5V line and
5—7mA from the 200V supply. With the
store input taken to OV and the reset input
left open, the display should be atthe chosen
reset value. With the reset input also at OV
and the count input taken to the pulse
generator store or reset outputs, the display
should count up at 5Hz when the store
input is removed from OV and freeze when
this is replaced.

With the slow count, the first two decades
should be checked to see that the count is
in the correct decimal sequence, and that
carry to the next decade is at the 9 to 0
transition. The third and fourth decades
are treated the same, but withsay 50-100Hz
at the count input. This can be taken from
the output of gate G, on the pulse generator
if an oscillator is not available. If all seems
well, the two units and the power supplies
can be joined up and a working frequency
meter is now available. Itis, of course, quite
useful as a straightforward frequency meter,
and for occasional use in this role thereis
no great inconvenience in allowing for the
non-zero start to the count.

Interface amplifier. Supply current should
be close to 6mA for both positive and
negative lines. The sensitivity at low
frequencies can be checked at 50Hz via a
pot-down network with C; temporarily
shorted out, and the output taken to the
r.f. input of gate G,. The output of this gate
can be checked with ’phones, and the
minimum input determined. This should be
around 50mV. The high frequency perform-
ance up to at least IOMHz will not differ
greatly from this.

Crystal reference. The supply current
should be 80-120mA and the 100kHz
and 10kHz outputs can be tested on the
counter, allowing for the if. offset. The
subsequent outputs can be checked via
’phones, or even the receiver a.f. stage,
and if present are fairly certain to be
correct.

Connexions to the receiver

The ideal take-off point is one of low
impedance where additional capacitance
will not unduly affect the frequency. If it
can be arranged, connexion to the high

potential end of the oscillator padding
capacitor is the simplest, and additional
capacity may be adjusted out. If the
receiver band switching makes this difficult,
and the oscillator is a valve or an fee.t. then
the grid or gate resistor can be tapped some
10-20% from the earthy end. Failing this,
a small pick-up coil may be wound over
or placed inside the oscillator coil.

The interface amplifier is small enough
(24 in X 14 in) to be mounted in most
receivers if desired, but should be well
screened if this is done. Connexion to the
frequency meter should be via coaxial cable
and sockets.

Setting up the system

There are no adjustments to be made on
the frequency meter itself, except to the
crystal trimmer (if fitted) and this is more
or less academic with a four digit display.

If the i.f. stages are not tuned to exactly
the value used in the design of the meter,
then the error will show up as a constant
displacement of the same amount and
sense as the error. If two known transmis-
sions are received, the difference between
the indicated frequencies will be the same
as that between the correct values, but
both will be low or high according to the
error in the i.f. stages.

If, however, the two known transmis-
sions have an indicated difference which
is not the true value, then the percentage
error is equal to the error in the 50Hz
reference, but opposite in sense. This can
be used as a cross check on the mains fre-
quency. In all these measurements, due
allowance must be made for the + 1 “digi-
tal” error in each indication, which is in-
herent in any system where the signal is
not phase locked to the reference.

Interference

With a completely self-contained unit,
without a crystal reference, no particular
problems were encountered. If the crystal
is used, then this obviously produces
strong signals throughout the r.f. spectrum,
and must be well screened from both the
receiver and the aerial.

If the power supplies are taken from the
receiver, then rather more care must be
taken, as all digital circuitry is a potential
generator of interference. The worst offen-
ders in this respect are the 74141 decoder
drivers, and if the 200V supply is from the
receiver, then inadequate filtering can be
disastrous. In any case, the wiring of
the frequency meter should be arranged
so that no supply currents to any of the
sub-units can flow through the metalwork.

Extension of the display

While frequencies greater than 10MHz
can be measured with the four digit dis-
play, if one mentally puts a “1” in front,
an additional stage may be easily added at
the most significant end. This can be the
same as the existing stage, and if the i.f.
is less than 1MHz, can take its carry from
the D output. There are only two i.cs in
the system working at the full signal
frequency, apart from the interface
amplifier, G, and the following 7490 in
the pulse generator unit. Most 7490s will
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operate at 20MHz, and most gates will
do better. If even greater frequencies than
this are required, then the replacement
of this 7490 by a 74196 should take the
limit to the region of 30MHz, but some
selection may be needed for G, .

For the display of less significant digits,
signals at tens and hundreds of hertz can
be taken from i.cs 18 and 19 respectively
in the pulse generator unit. These stages
will each require a 7475 and 74141 wired
to a display tube in a normal manner.
Note that the crystal reference is essential
to display these lower digits satisfactorily.

For any extensions, the 7475 store line
will need extra current sinking capacity;
the spare inverter 16 may add sufficient,
or an .extra package may be necessary.
If an extra 7404 is used, the required
number of sections should drive a separate
store line to the extra 7475s, and spare
inputs taken to OV. It may also be neces-
sary to increase the input voltage to the 5V
regulator to 7V or so.

Mains reference

As the use of this is often dismissed out of
hand, the results of actual measurements
may be of interest. These were made
against an accurate 100kHz standard,
phase locked to the BBC 200kHz, and
taken at times from 8 a.m. to 12 p.m.

The general pattern was a slow cyclic
variation over the range +0.1%, with a
period of 10 to 15 minutes, and sometimes
longer. Quite often the error did not
exceed 0.05% for 10 minutes or more.
No particular deviation was noted in the
accepted ‘“peak” periods. The greatest
deviation measured was +0.5%. and this
occurred regularly each evening about
8.50 to 9.05. This is possibly designed to
put clocks right before the BBC TV news,
or possibly a result of a massive switch off
by those who don’t watch the news.

The practical results confirmed these
measurements, and outside this short bad
period, medium wave transmissions have
never been indicated at more than +2kHz.
from the true value, and still audible at the
true indication. At the top end, the stan-
dard transmission on 10MHz has been
within + 3kHz for minutes on end, and
never seen to be more than + 15kHz in
error.

It may be that the writer’s area (North
Cheshire) is specially favoured, but if the
above results are all that is required, then
the mains reference is certainly worth a try
before going to the cost of the crystal unit.

Reference
“Displaying frequency digitally” by C. Atten-
borough. Wireless World, Dec. 1971, p.597.
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Weather satellites ground station

Reception of cloud cover pictures transmitted in the 136 MHz band

by G. R. Kennedy

This article describes a complete station for the reception of weather satellite cloud cover pictures.
Its circuitry is straightforward, with the emphasis placed on economy and reliability. Assuming that
a basic electronic workshop and a good quality oscilloscope are available the article is particularly
aimed at meteorological, survey, school and university groups who might wish to build equipment
in order to operate a compact weather satellite ground station in the field as well as in the

laboratory.

The first of a series of weather satellites was
launched by the Americans in December
1963. Since then over 20 satellites equipped
with  Automatic Picture Transmission
(APT) have been launched by both the
USA and USSR. At the time of writing
six or seven weather satellites are trans-
mitting weather pictures in the visible and
infra-red portions of the spectrum. Of these,
five transmit pictures in the 136 MHz band.
These v.h.f. transmissions are of one of two
types: APT, which gives a TV type picture
of a snap-shot picture taken by the satellite,
and Scanning Radiometer (SR) pictures
which are continuous scans received in
real-time of a rotating camera mirror
which sees the earth as the satellite pro-
gresses during a pass. APT pictures are
usually only in the visible portion of the
spectrum, whereas SR pictures may be
infra-red (IR), visible, or both, sent in a
side-by-side format.

The available weather satellites may be
divided into polar orbiting vehicles which
send either APT or SR pictures, and geo-
stationary vehicles which send either APT
or specially processed APT and SR. Cur-
rently, the polar orbiters sending v.h.f.
APT are ESSA-8, NOAA-2 (ITOS-D)
and NOAA-3, launched by the USA.
Some Russian Meteor satellites transmit in
the v.hf. band and use a slightly dif-
ferent, though generally similar system of
picture telemetry to the American satel-
lites. The two geo-stationary satellites are
ATS-3 over the Amazon, and ATS-1 over
the Pacific Ocean. For more details of
weather satellites, the reader is referred
torefs. 1,2 and 3.

Satellite APT telemetry

All American v.h.f. weather picture trans-
missions comprise amplitude modulated
picture information on a 2.4kHz sub-
carrier, which in turn frequency modulates
the v.h.f. carrier. The received f.m. de-
modulated sub-carrier is essentially free

from ignition and similar interference and
from the effect of fading due to satellite
tumbling and horizon refraction effects at
low ground elevation. Some Russian APT
satellites use a different and apparently
variable sub-carrier frequency and may
transmit in both v.h.f. and short-wave
bands. The demodulated 2.4kHz is the
video signal required for the replay
electronics of the ground station. The
pictures of the more recent APT satel-
lites is of 800 lines. It is transmitted
automatically for 200 seconds, preceded
by an eight-second start and phasing signal.
There is then a pause for two or three
minutes whilst the satellite orientates itself

for the next picture. During this time a
steady peak-white signal is transmitted.
The cycle then repeats, a three-second
300Hz burst of the 2.4kHz sub-carrier
followed by five seconds of peak white
lines at the 4Hz line scan rate, with
12.5ms black zero carrier phasing pulses.
"The picture follows, each line being made
up of a 12.5ms white edge pulse followed
by the picture modulation varying between
black and white. The picture telemetry
waveforms are shown in Fig. 1. There are
various positioning marks called fiduciary
marks, and the letters USA on the picture,
and these appear as black pulses on the
APT telemetry. APT pictures suffer from

peak white envelope
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inter-picture 333us
tune
. -
2 - (b)
3 4 2
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Fig. 1. ESSA-8 telemetry waveform sequence (APT), (a) peak white inter-picture tone,
(b) three-second 300Hz tone burst, (c) five-second white/black phasing signal, (d) typical

picture line.
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“pin-cushion” distortion at the corners
due to the camera viewing a spherical
surface but presenting it as a flat surface.
The aspect ratio of the picture is 1:1.

Satellite SR telemetry

The scanning radiometer telemetry runs
continuously, so that as long as the satel-
lite is in view, the SR signal can be
received. Taking NOAA-2 (JTOS-D) as

an example, the sub-carrier is 2.4kHz
as for the APT satellites. The line-scan
rate is 48 per minute, i.e., one scan per
1.25 seconds, one-fifth of the APT line
scan rate. The pictures are sent side-by-
side, infra-red first followed by the visible.
The SR line scan is shown in Fig. 2. There
are two windows in each telemetry line:
one preceding the IR position which gives
voltage calibration steps and one pre-

Rg

D12 ¥

D
Ry 1
M
motor e I
it tield
Spl‘lt f D D-|3
winding 2 D
3
15V
ac.
D, -
TDG Y 4 R)10%
C7 L3 Cs +9V
— P —=—o0 to
;; ; +12V
% 4
L2
R
c Ce
input 3 C4 '.—q__./OD output
O— \
Tr‘2
Rig
Ca"_z\ L %
e
| I
. _ OO0V
7/1/7/
A 1st. mixer o cr.ystal - 1st i f e 2nd. mixer j—— 2nd(i,.f,
EIEOILE g filter amplifier amplifier
& 4
1st local 2nd local "
oscillator oscillator
output phase-lock e, -
output ey amplifier - loop - limiter
detector

Wireless World, November 1974

ceding the visible position which carries
data depending on the line used. The
repetition of similar lines occurs every
25 lines. The polarity of the IR trans-
mission is such that a signal equivalent
to a peak white signal in the visible portion
is cold, and a dark signal is hot. In
practice, the dynamic range of the IR
picture is far less than that of the visible
picture, and unless elaborate steps are
taken, the two pictures cannot be read
out in real time side by side: either one
or the other is displayed. Due to the
rotation of the camera view in SR satel-
lites, the resultant pictures have “milk-
bottle” distortion, that is, the pictures have
the appearance of photographs of a flat
surface curved round a cylinder (“bottle™)
and viewed close-to. Commercially some
facsimile receiver manufacturers use
circuitry to stretch the edges of the pic-
tures to give an approximate Mercator
Projection view. The “Index of Co-opera-
tion” = (width of scan in inches X lines
per inch)/w is the facsimile equivalent
of aspect ratio. The Index of Co-
operation for the square ESSA-8 pic-
tures is 255 (267 including start .and
phasing lines), and 135 for the picture
portions of the NOAA-2 transmissions,
not-including phasing bars, etc.

Ground station

The block diagram of a weather satellite
ground station is given in Fig. 3. The
tape recorder stores the satellite demodu-
lated sub-carrier signal for later use by
the display system, or the picture may be
printed in real time during a satellite pass.
The overall sensitivity of the system may
be estimated as follows:

Satellite transmitter output + 37dBm
Loss B in TX antenna and feed — 10dBm
Polarization loss — 3dBm
Pathlossat 5° elevation —147dBm
Signal level at ground —123dBm

Assume that a typical 50 ohm input f.m.
receiver ‘at 137MHz quietens fully at
1V input. Input power is 2X 107! mW
= —107dBm. Hence 16dB of gain is re-
quired before the receiver. A typical
eight-turn helix or 16-element crossed
Yagi antenna would have a gain of about
12dB. A suitable low noise pre-amp should
have a gain in excess of 10dB, which
would allow for other losses not taken
into account.

The antenna

Weather satellites vary in the type of trans-
mitted  signal  polarization. ESSA-8
transmits a right-hand circular signal, and
NOAA-2 a linear polarized signal, for
example. Since a linearly polarized antenna
will lose 3dB of a circularly polarized
signal compared with a circularly polarized
antenna, the best compromise is a satellite
ground station antenna designed for right-

Fig. 6. Antenna motor drive.
Fig. 7. Pre-amplifier circuit.

Fig. 8. Block diagram of the receiver.
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hand circular polarization. There are two
possibilities for a practical antenna, a helix
or a crossed Yagi array.

Helical antenna. The design parameters
for a helix antenna fed against a ground
plane are, wavelength, A, pitch, p, diameter,
d and turn length, t. For a small copper
conductor the relationship is p=0.251
d=0.3751, t=1.181. For 137.5MHz this
gives p=21.5 inches, d=32.2 inches and
t=1014 inches. For an eight turn helix,
67.6 feet of copper conductor are required.
The gain would be 13dB, the beam width
30° or so between half power points, and
the feed impedance 150Q. Matching can
be carried out using a quarter-wave coaxial
transformer. For example, a reasonable
match to 50Q coax is given by ai/4, 1tin
diameter aluminium tube surrounding a
A/4 section of Llin helix conductor (Fig. 4).
Suitable material for the helix are copper-
sheathed mains cable (“Pyro”), old car
hydraulic copper tube or the braid section
of tin diameter coax cable. The winding
sense is such that, if viewed from the satel-
lite, a particle travelling down the wire of
the helix appears to rotate clockwise, or
in other words, as though one is screwing
down the top of a conventional right-hand
threaded jar.

Crossed Yagi array. There are three methods
of arranging a crossed Yagi antenna for
circular polarization: Fig. 5 (a) feeding
two separated Yagis on a cross boom in
phase, each Yagi at right-angles axially to
the other; (b) feeding two co-axial crossed
Yagis on the same axial boom 4/2 out of
phase; (c) feeding two co-axial crossed
Yagis on the same axial boom in phase,
but setting one Yagi A /4 up the boom from
the other.

Method (a) is somewhat cumbersome,
but has the advantage of being convenient
for mounting so that the antenna can track
from horizon to horizon through zenith
for an overhead pass. Method (b) is
mechanically more awkward than method
(c), which is widely used in commercially
available antennas, such as the J Beam
2/10XY. For a given feed, the antenna

Fig. 9. Circuit of the first local oscillator.

Fig. 10. Mixer local oscillator circuit.

receives left-hand circular polarization in
one direction along the axis, and right-
hand circular along the other. Polarization
can be changed by reversing the polarity
of the feed to one dipole. Conventional
design formulas apply to these three types
of Yagi arrangements’. A double ten-
element Yagi array of the above type will
give a gain of about 15dB and a beam
width of 33° for half power points.

Antenna drive

The simplest method of driving the antenna
is to mount it on an azimuth-elevation
mount and to move it by hand. For powered
drive, the mount may be driven by two d.c.
motors. Drive electronics are required to
stop, start, reverse and speed control the
motors. A suitable circuit is shown in
Fig. 6.

The circuit is basically a bridge drive
for a 1/10 h.p. series-wound split-field
d.c. motor—in the example shown, for a
110V d.c. motor. Diodes D, to D, are a

screen
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series diode bridge which supply the
positive and negative rails for the uni-
junction circuit. For whichever polarity
of the 115V a.c. supply, the diodes supply
the unijunction circuit rails with the same
polarity. Zener diodes D, and D, in series
stabilise these rails at 16.8V. The uni-
junction transistor 7r,, circuit is a relaxa-
tion pulse generator, the p.r.f. being
determined by C, and R, time constant, and
by the current through R; or R, and R,.
Potentiometer R, sets the sensitivity and
hence “dead band” of the control pot, R, .
Due to the forward bias shorting action of
D,;, Dy, Dyor Dy, D3, Dy, pot Ry is
across the 16.8 volt unijunction rail. When
the wiper of R, is in mid-position, the
potential on the wiper rises with the 115V
half cycle. If C, is discharged, D,is forward
biased and the potential on Tr,emitter rises
to approximately the maximum value of
eight volts. Potentiometer R, is so adjusted
that the peak point of Tr, is above this
value. Current flows through R, tocharge C,
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1 1 4 seven synchronizing seven synchronizing
and when the potential at Tr, emitter rises e e e s o ARk

above the wiper potential of Ry, D, be- IR channel

o A @ B visible channel < cold/tight
comes reverse biased. The voltage level | earthscan A earth scan
due to the charging of C, through R, and | o ! ‘ X -

P 1. § c

D, forms a pedestal voltage, the pedestal hot /dark

level being determined by the cut off of
D,. A ramp voltage then rises on this /
pedestal due to the further charging of C,
through R,. This latter is adjusted so that, SR C - TR
with R; wiper at the mid-point, the time No.1 telemetry window No. 2 telemetry window
constant of R,, C, is too long for the ramp
voltage on top of the pedestal voltage on g i | = i [ | 2
C, to exceed the peak point of Tr,. Since 23ms ¢ 378ms ‘ ¢ 23ms o 378ms '
the 16.8 volt rail is un-smoothed it will
return to zero volts instantaneously with
the zero crossing of the 115 volt sinusoidal
supply. As the zener stabilized rail falls
in voltage below 16.8 volts, the potential
on C, becomes equal to the peak point for
the interbase voltage at that instant, and
Tr, fires, discharging C,. Since the a.c. 7
supply at this moment is dpproaching /
zero, the s.c.rs are not triggered. /

If the wiper of R; is moved from the /
centre position, the pedestal voltage on C, / )
is raised and the ramp voltage due to C,, /
R; reaches the unijunction peak point /
during that half a.c. cycle. Transistor Tr, L
fires, and the pulse developed across R, display

g s o g aerial pre- f.m. tape o drive
triggers whichever s.c.r. is forward biased drive amp receiver il recorder = Neiectronics
during the half a.c. cycle. One of the motor
series diodes then conducts, and the
motor runs. As R, wiper traverses the 4
potentiometer, the trigggring of the motor zerml dispiay
current via the appropriate s.c.r. is earlier control dayvica
in the half a.c. cycle. Hence conventional
phase control of the motor takes place.
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ESSA-8(1968-114-A): orbit 25293 22
June 10.16Z, shows sun-glint in Sardinia,
Corsica area. Note UK, Spain, Italy and
North Africa. First run of prints from
prototype facsimile machine by G. R.
Kennedy on 25.6.74. Paper Kodak white,
smooth, glossy bromide, single weight,
No. 2 (normal). Crater tubz white current
10mA, black current 30mA. Brightness
pot = 7.00. Traverse jitter and drum
vibration evident on print No. 13.

Receiver preamplifier

As shown earlier, a pre-amp giving at least
10dB gain at 136MHz is required for
satisfactory reception of weather satellite
signals. Since an f.m. system is used, the
pre-amp need not have an outstandingly
good noise figure, providing a high quality
receiver is in use. However, if the receiver
to be used is itself somewhat noisy, the
pre-amp should be of a reasonably low
noise type. There are many circuits avail-
able using either bipolar or field-effect
transistors. A circuit® is shown in
Fig. 7.

Tr, is a low noise uh.f. transistor
designed for microstrip circuits. It is a
flat device of capstan layout, and is best
mounted on a triangle of p.t.fe. standoff
insulators above an earth plane of copper-
coated fibreglass. The merit of the circuit
is that it is broadband and is thus. parti-
cularly suitable for the satellite v.h.f. band
of 136—138MHz: it gives a gain of at least
15dB, has a true noise figure of 1.5dB
and is simple to make. Components C,, C,
and L, form a broadband input matching
circuit for the common emitter transistor.
Bias is straightforward, L,, C,; and R,
form a broadband output matching net-
work for approximately 50 ohms. The
circuit consumption is less than 10mA,
so a nine-volt dry battery supply is the
most economic. For best overall results
the pre-amp should be as near the antenna
as possible.

Receiver
The main receiver requirements are as

satellite  transmission
bandwidth is usually 30kHz with a
maximum deviation of +10kHz. A
receiver i.f. bandwidth of at least 20kHz
but not more than 50kHz is thus required.
Within the satellite band other types of
satellites are continuously transmitting
on frequencies very close to those of the
weather satellites. Good selectivity is
essential to avoid interference from these.
The narrow bandwidth dictates the order
of stability required. Jitter in a local oscil-
lator will be seen by the detector as
signal f.m. The satellite band is within a
band of frequencies used by aircraft.
These signals are, in the UK, very strong
and may cause cross-modulation. A high
i.f. is essential to reject image frequencies
which might well be on a local civil aircraft
channel. High gain—to ensure adequate
limiting of amplitude changes in the signal,
high gain preceding the limiter is required.
The amount of gain depends on how much
limiting is required by the detector for
linear operation.

All of these requirements, brought
together, specify the type of receiver re-
quired within narrow bounds—a double
superhet receiver with both local oscillators
preferably crystal controlled, with a
crystal or mechanical if. filter and phase-
lock loop detector meets the requirements
mentioned above. A receiver block dia-
gram is shown in Fig. 8. The detailed
design of such a receiver is a standard
text-book exercise and need not be further
dealt with here. However, some sections
are worthy of closer examination, par-
ticularly the first local oscillator, the
crystal filter, the limiter and phase-lock
loop detector. The most economical
approach is to obtain a surplus v.hf.
receiver, such as from a redundant public
service mobile or base station transceiver
which should furnish r.f. amp, 1st mixer,
Ist if, 2nd mixer, 2nd local oscillator
and 2nd if. amplifier, even if the original
design was for a.m. reception. The re-
mainder of the final receiver can then be
built and tested as separate items and
added en bloc to the basic chassis.

follows. The

ESSA-8 (1968-114-A): Orbit 25294 22
June 12.08Z. Weather system to west of
Spain: N.W. coast of Spain is on right-
hand border. Portion of complete satellite
picture, produced on first run of prototype
Sfacsimile machine by G. R. Kennedy on
25.6.74. Paper Kodak WSG bromide,
single weight, no. 2 (normal). Crater tube
white current 7mA, black current 30mA.
Brightness pot 9.00. Traverse jitter and
drum vibration evident on print No. 6.

If “the second local oscillator is
fixed in frequency, such as by crystal
control, then the first local oscillator
is the frequency determining standard
of the receiver. Due to the narrow band-
width and selectivity requirements of the
overall receiver system, the first local
oscillator must be either synthesized or
crystal controlled. Synthesis implies. the
digital counting down and heterodyning of
a highly accurate source, which may be a
high grade transmitter radio source such
as WWYV or MSF, or more usually, a
temperature controlled crystal oscillator,
so these two options basically are the
same. A crystal oscillator and multiplier
first local oscillator is shown in Fig. 9.

Transistor Tr; is an overtone oscillator,
the frequency of oscillation being de-
termined by the series resonant frequency
of the quartz crystal. The combination
L, and C,; is tuned to slightly higher in
frequency than the crystal frequency.
Capacitor C,4 blocks d.c. from the crystal.
The oscillator output is taken via C,; to
the doubler transistor Tr,. Inductor L,
and C,, form a series resonant circuit at
twice the oscillator frequency and the
output is taken via C,; to the amplifier
Tr;. An acceptor circuit acting as a trap
at the. oscillator frequency is formed by
L,, and C,, Inductor L, and C,, are
resonant at the output frequency, and the
output is taken via C,. The output level
may be conveniently altered in practice by
tuning the L, core. With the circuit values
shown, approximately 1mW of 126.80MHz
sine wave is available at the output. This
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circuit relies” on the accuracy of the
crystal. Modern hermetically-sealed metal
cased crystals of HC6/U, HC18/U and
HC25/U outline are normally available
with +0.01% or +0.005% tolerance. To
take the worst case +0.01% crystal at the
extreme of its limit, and used in a fre-
quency tripling circuit for the first local
oscillator, the error for 137.000MHz will
be 12.6kHz assuming a 10.7MHz first i.f.
This is approximately half the receiver
bandwidth and hence for a transmitted
signal being deviated + 10kHz, one half
of the deviation per f.m. cycle may be lost.
For this reason, a more complex local
oscillator may be required if the crystal
error cannot be corrected by crystal
“pulling” with a parallel capacity, for
crystals too high in frequency. Such a
circuit is shown in Fig. 10. Here, two
crystal oscillators are used; one of these
contains one of a number of close-
frequency crystals covering the desired
range. Such collections of crystals with
frequency increments a few kHz apart
are often available from redundant air-
craft or public utility equipment where
close channelling is used. If the family
of frequencies is too low, frequency
doubling may be used, as shown in Fig. 10.
Here jfets Tr, and Try are crystal
oscillators. The output frequency of Tr,
is doubled by j.fet. Tr, and applied
together with the output of Trto the dual-
gate m.os.f.et. mixer Tr,. The mixer
output is RC coupled to j.fe.t. amplifier
Tr,, which has a mixer difference
frequency trap L,;, C;, across its
output. Bipolar transistor Tr,, is a
ImW output driver. Two crystal fre-
quencies are shown by way of example,
but the circuit, which is very flexible, is
capable of operation over wide frequency
limits, with suitable revision of the tuned
circuit values. As before, the crystal
tolerances and stability should be borne
in mind. However, if a series of crystals
of small incremental frequency values is
available, correction of output frequency
is readily obtained.

Intermediate frequency filter

The narrow but precise bandwidth re-
quired for the receiver is difficult to obtain
by LC single or double resonant if.
transformers. A convenient method for
specifying the bandwidth is to use a
crystal or mechanical filter. The type of
filter will depend on the if. frequency
chosen: mechanical for lower frequencies
are available from manufacturers such as
Collins or Kokusai, whereas crystal
for higher frequencies, such as 10.7MHz
tend to be more readily available
from manufacturers such as ITT,
Cathodean/Pye, and Salford Electrical
Instruments/GEC. A typical 10.7MHz
filter will measure 36 X 27mm X [9mm
high, and will have the following electri-
cal characteristics (ITT 015AD): 3dB
bandwidth + 15kHz, minimum attenua-
tion 4.5dB, minimum stop-band attenua-
tion of 70dB at +35kHz and 90dB at
+50kHz, terminating impedance 910Q
in parallel with 25pF and maximum
terminated input of 10mW. It might be

possible to approach the performance of a
commercially available crystal filter by
constructing a double half lattice crystal
filter, but the economics of four or eight
close tolerance discrete crystal units is
not significantly better than the cost of a
single monolithic unit, currently about
£16. One cheaper source is to extract a
50kHz channel crystal filter from a re-
dundant public utility v.h.f. f.m. trans-
ceiver. It should be borne in mind that
even at centre frequency there is an
insertion signal loss of 4.5dB typically,
and also that for optimum performance the
terminating impedances should be main-
tained.

The second part of this article will describe
the i.f. filter circuit limiter, p.l.l. system
and the display.

Components

Resistors—R

Fig.6 1 680, 10W
2,3 47
4 25k
5 1k
6 47, 1/4W
7 111
8 5k
9,10 3.3k, 2W
Fig.7 11 4.7k
12 1k
13100
14 220
Fig.9 15 68k
16 47k
17 1k
18,19 470
20 15k
21 6.8k
Fig. 10 22 100k
23 100
24 100k
25 270
26 100k
27 100
28 330k
29 10k
30 330k
31 10k
32,33 270
34 100k
35 270, 1/4W
36 47
37 6.8k

Capacitors—C

Fig.6 1 0.1 24 4.7p
Fig.7 2,33-25 25 3-36p
4 Sn 26 In
5 1000 27 0-Tp
6 12 28 10n
7,8 10n 29 2-20p
Fig.9 9 10 30, 31 6.8p
10 3-20 32 10n
11 3-30p 33 In
12 1 34 2.2
13 22p 35 2-20p
14 3-20p 36 33p
15 2.2 37 22p
16 100p 38 In
17 22 39 4.7p
18 1000 40 10n
19 6.8p 41 12-50p
20 1000 42 6.8p
Fig. 10 21 0-Tp
22 In
23 47p
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Diodes—D

Fig.6 1,2 1IN1616 8 6.8, zener
3,4 INI616 9 10V, zener
5,6 2N4444 10,11 IN1616
7 IN1612 12,13 IN1616

Inductors—L (t—turns)
Fig.7 1 8t,22swgon 1k, 1/2W resistor
2 6t,22 swg on 10k, 1/2W resistor
3 10t, 36 swg torroid wound on lin
dia. ferrite ring
Fig: 9 4 34t, 20 swg close wound on lin
mandril then opened 1t thickness
between each turn
5 104t, 20 swg close wound on tin
mandril then opened It thickness
between each turn
6 64t, 20 swg close wound on lin
mandril then opened It thickness
between each turn
7 53t, 20 swg close wound on lin
mandril then opened It thickness
between each turn

9 0.15p
10 7.0p
11 0.1y
12 0.5y
13 0.2y

Transistors—7r

Fig. 6 1 2N1671
Fig. 7 2 11S-1757B
Fig. 9 3,4 TIS18

5 2N708
Fig. 10 6,7,8 2N5245

9 3N141

10 2N5245

11 TIS18
Crystals—X
Fig. 9 1 63.4MHz
Fig. 10 2 51MHz

3 24MHz
Fig. 9 1 63.4MHz
Fig. 10 2 51MHz

3 24MHz

Integrated Circuit—IC
Fig. 13 1CA3076
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Teletext to go ahead

The Government, through the Home Office,
has approved the introduction of broadcast-
ing of live textual and graphical informa-
tion on television by the CEEFAX/
ORACLE technique for a two-year experi-
mental period. (Test transmissions have
been in progress for some months, but
“live” information means information that
is expected to be of real use to the recipients.)
The purpose of the two-year experiment is
to assess the demand for the service, to
decide what form it should take and to esti-
mate the scope for the manufacture of tele-
vision sets equipped with decoders. The
BBC has already started live broadcasts on
BBC | (on September 23) and Independent
Television will probably start through the
London Weekend programme company
in May 1975. A complete specification of
the standards adopted (outlined in the May
1974 issue, p.115)has been published jointly
by the BBC, the IBA and BREMA (the set
makers’ trade association), and can be
obtained from them at a price of 50p.

Experimental receivers, which are essen
tially conventional colour television sets
equipped with decoders. have been demon
strated by. Decca, GEC and Mullard. At
present the decoders cost about £400, and
the system will not be viable for widespread
use by the public until the decoder cost has
been reduced to the region of £10-£30—
probably by the use of large-scale integrated
circuits.

At a recent demonstration of ORACLE,
at the IBA’s new engineering headquarters,
Crawley Court near Winchester, engineers
showed how “on air” editing can be carried
out using a smali Honeywell digital com-
puter. A video display unit incorporating
a typewriter was used to type the pages of
information, which were automatically fed
into the computer’s magnetic disc memory.
The output system transmitted the pages
(each 24 rows of 40 characters per row)in
sequence over a microwave link totheIBA’s
Croydon transmitting station, where they
were injected into the field blanking period
of the normal television signal (on lines 17,
18, 330, 331) for transmission from the
Crystal Palace aerial.

Eventually tests of the system will be
made on v.h.f. transmissions, to be ready

for the time when the v.h.f. television bands
are “re-engineered” for 625-line pictures.
Italian and German broadcasting organ-
izations are already studying the system.
The following is an abbreviated descrip-
tion of the adopted standard. Data lines:
initially two per field, 17, 18,330,331. Page
format: 40 characters per row, 24 rows per
page including page header (page address,
system name, and digital clock read-out).
Magazines and content: up to 100 pages,
up to eight magazines. Transmission
sequence: page sequential; blank rows may
or may not be transmitted; in this way
magazine cycle time can be optimized.
Character coding: eight bits including
parity ISO-7 (BS 4730: 1971) i.e., ASCII
with selected “national usage’ characters,
includes upper and lower case. Control
characters: (a) for flashing characters. (b)
seven colours plus white (by individual
on/off control of RGB; (c) subtitle and
newsflash “boxing”; (d) graphics. Data pro-
tection: all words include some form of
error protection; the character codes by
odd-parity bit and others (control charac-
ters) have the extra protection of inserted
“Hamming code” error bits. The charac-
ters so coded are magazine identification,
page address, row address and “clock time”
for time-coded pages. Bit format: non-return
to zero, pulse shape is roughly raised cosine.
Bit rate: 6.9375 Mb/s (444 X line frequency).
Access time: with 100 pages and one maga-
zine only, maximum waiting time is approxi-
mately 24 seconds (blank rows transmitted).

IS
P
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London traffic control
phase two

Work on the computer and data trans-
mission contract for the latest phase of the
Greater London Council computerized
Area Traffic Control system is now follow-
ing the completion of the phase one com-
puter system which now controls 400 road
junctions in Central London. The extension
work to this, now in its final stages, allows
the number of junctions under control to be
increased to 500. The new contract will
enable a further 500 junctions to be brought
under computerized control, laying claim
to be the most up-to-date traffic control
system in Europe. The transmission system
is being supplied by the Plessey Company
while Siemens have delivered the third Sie-
mens type 306 computer plus auxiliary
equipment to New Scotland Yard.

Radio love call
stirs Darwin

Residents of Darwin, Northern Territory
capital of Australia have been standing by
to hear something unusual on their radios
—the mating call of a toad broadcast by
radio in an effort to recapture 11 cane toads.

A school teacher took these toads to
Darwin from Queensland where they have
been a pest for his botany students. Their

Main control room of the closed circuit television studio at the Depar.ment of Health
and Social Security headquarters training department, Hinchley Wood. Rediffusion
Industrial services installed the equipment. Shown here are the monitors, control panel
Jor remote control camera and a video tape recorder.
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escape has sparked off an intensive hunt,
with Darwin Conservation Society offering
$5 a head for the capture of each toad. The
president of the Northern Farmers’ Associa-
tion, Mr David Veal, said the reward should
be $A1000 ($US1500) a toad, paid by the
Education Department. The Minister for
Northern Territory, Dr Rex Patterson re-
jected this as dangerous and unworkable
since thousands oftoads might mysteriously
arrive from Queensland if there was a big
price on their heads in the Northern Terri-
tory. Dr Patterson suggested playing toad
calls on the city’s two radio stations to help
people find the escapees. He also empha-
sized the threat of the toads to the Northern
Territory which has no toad of any kind.
Cane toads could become a menace if they
were to breed in the northern coastal plains,
an area of thousands of square miles, feed-
ing on moths, insects and beetles, many of
which performed vital tasks for the upkeep
of their environment.

Dialling aid for Telex

A new dialling aid for Telex machine
operators has been made available nation-
ally during October. The callmaker aid is
a small automatic dialler linked to the Telex
machine so that instead of rotating the dial
by hand, calls are made simply by slipping
a small plastic card into the auto-dialler
(see photograph). The device is a modified
version of the card callmaker which is
already being used in association with tele-
phones.

Users of Britain’s 50,000 Telex machines
will be able to use the dialiing aid developed
by the Post Office, for making calls within
the UK and to mainland Europe. Although
it cannot yet be used for international Telex
calls which involve dialling and keying, Post
Office engineers are examining the possi-
bility of developing a Telex dialling aid
which will do this.

The advantages ofthis method of dialling
are said to be that human error is eliminated,
it does away with the need to consult direc-
tories or dialling instructions; also, while the
callmaker dials the number, the caller-s free
to examine documents or continue a con-
versation. Numbers are stored on small
plastic cards measuring 34in by 2tin, with
one card for each number represented by
punching a pattern of holes according to a
simple guide supplied with the callmaker.
This then forms a permanent record for
future use.

The callmaker’s dialling unit uses a
photo-electric principle to read the punched
out code on the dialling card.

Light-fingered touch

A new type of touch-sensitive display input
device for use in data processing systems
made its first public appearance as part of
an air traffic control exhibit in the GEC-
Marconi Electronics pavilion at this year’s
Farnborough International Air Show. The
device known as Digilux, operates like a
programmable keyboard and is used in a
similar way to the “touchwire” system
used in the Flight Data Processing System
at the London Air Traffic Control Centre
at West Drayton.

The advantage of the new technique is
that it is “wireless” and does not rely on
physical contact between the finger and a
bare wire conductor; instead it uses narrow
infra-red beams which form an invisible
grid over the display screen. A finger placed
on the face of the screen intercepts two
beams at right angles and the location of the
finger is rapidly determined and signalled
to the computer.

As there are no touch contacts on the
screen or wires to them, there is no obscura-
tion of the screen itself. The system is
unaffected by room lighting because the
beams are infra-red. In addition, Digilux

Card callmaker automatic dialling system for Telex machine operators. See accompanying
news item.
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retains all the advantages which the touch-
wire technique has over the conventional
keyboard as a computer entry device; it is
faster, less prone to error, needs very little
time for learning and can offer a significant
saving in space.

Dial-a-ride

The first major sponsored “dial-a-ride”
system in the UK started operation in
Harlow at the beginning of September and is
known locally as the “Pick-me-up” service.
The system uses three Ford Dormobile
vehicles providing an urban transport ser-
vice which allows passengers to telephone
their particular travel requirements to a con-
trol centre, which in turn co-ordinates the
available vehicles in order to meet these
requirements. It offers a door-to-door ser-
vice which combines the advantage of
travelling by car and by bus. While retaining
the flexibility and convenience of a car,
dial-a-ride is cheaper for the passenger
because the vehicle is shared. The Harlow
version of the concept revolves around a
control centre which is in constant two-
way radiotelephone communication with
the vehicles. Each of these is equipped with
RC665 mobile radiotelephones supplied
by GEC-Marconi Electronics Ltd and the
project is being sponsored by the Transport
and Road Research Laboratory of the
Department of the Environment in order to
evaluate the viability of this new form of
public transport.

IEE establishes
microprocessor group

“Microprocessor applications” is the title of
a new group which has been formed under
the aegis of the IEE to fulfil a need in this
area of advancing technology. Because of
the continuous flow of information in this
field, meetings will be held every two months,
mainly at Savoy Place, London.

The aim of the group is to provide a multi-
disciplinary forum for the discussion of
techniques associated with the uses of micro-
processors and the technical aspects of
microprocessor applications, and toidentify
areas in which research and development
are required. Areas of particular interest will
be: instrumentation, aviation, telecommuni-
cation, signal processing, medical instru-
mentation, process control, pollution
monitoring and data collection.

Further information and membership
application forms can be obtained from the
Secretary, IEE, Savoy Place, London
WC2R 0BL, quoting the reference LS(CA).

Briefly

Inspec milestone. The Institution of Elec-
trical Engineers’ world information service
reached a milestone in the dissemination of
information when it published the 1,000th
issue of Physics Abstracts on the 16th
September.
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Active crossover networks

Using a single bass speaker in a stereo system

by D. C. Read, B.Sc.

The author finds that active crossover networks, giving better speaker damping and improved
transient response, sound better than passive ones as well as being easier to adjust. But the
system first designed (December 1973 issue) needed six amplifiers. This article therefore
describes three ways to reduce size and cost, by using a common bass unit with 1-cu.ft sealed
enclosures, by using the bass unit with 0.33-cu.ft enclosures, and by omitting the bass unit.
Alterations to active filter circuit values for these options are given together with a modifica-

tion to the “‘full’”’ six-unit system.

The first and most obvious economy in
the previous active crossover design was
to follow the well-tried example of
Baxandall* using the fact that low-
frequency sounds are non-directional and
have a mixed mono and stereo system.
Fortunately, for modern living rooms of
average size, this non-directional effect
extends well into the audio band. By com-
bining a single bass speaker with a pair of
relatively small mid-range/tweeter boxes
working in stereo there is an imme-
diate saving of one power amplifier, its
driving filter circuit and one large en-
closure.

Although one filter and amplifier
assembly would be unchanged, the other
would be smaller, with about one-third of
the components removed from the filter
(front board in photograph) and two
power amplifier boards instead of three.
An added practical advantage is that the
bass speaker can be placed in any con-
venient position to suit the general room
layout.

Choice of bass crossover

Having decided on a combined bass
arrangement, the first requirement was to
determine where in the audio band to
make the change between mono and stereo
operation. In doing this work, the ease of
adjustment afforded by active filters was
most helpful.

The single bass unit, KEF type B139,
was installed in a box of about Scu.ft
and then subjected to listening tests in a
normal-size living room. For experi-
mental purposes, the middle and upper
frequency sounds were produced by units
in the transmission-line enclosures
described in the previous article. Simple

*Low-cost high-quality loudspeaker, (part 2) by
P. J. Baxandall, Wireless World vol. 74 1968,
pp-316-9.

A-B switching allowed repeated com-
parison between this combined bass set-up
and the complete 2 X 3-way system, i.e.
between mixed mono and stereo, and full
audio-band stereo.

Initially, the bass speaker was fed with
combined signals from the two channels
up to about 490Hz: this was the bass
crossover frequency already in use for
the transmission-line speakers.

But stereo separation was not then
maintained over the whole band: the single
source of low frequencies could be identi-
fied and located when moved. The cross-
over point was then lowered by successive
amounts until, with it set at 150Hz, the
mono bass effect disappeared. Thus, when
compared against the full 2 X 3-way
stereo it was found that the Lf. speaker
could be placed virtually anywhere in the
room, facing in any direction, without
noticeable change in the stereo image.

The 150-Hz crossover frequency deter-
mined as above provided for satisfactory

(i.e. undetectable) mono bass for a stereo
installation working in a room measuring
about 15 feet square. In a listening room
with dimensions considerably greater than
this, however, the presence and location
of the single source of Lf. may become
apparent, and it will then be necessary to
lower the stereo-to-mono changeover
point.

To move the changeover point either
way, the response curves of both the mid-
range band-pass filter (high-pass) and the
bass-unit low-pass filter must be modified
by altering the roll-off frequencies of the
6dB and 12dB/octave circuits (the circuits
surrounding IC;/Trs and IC,/Tr, in Fig.
2). As the change of frequency in each
instance is likely to be relatively small, the
appropriate new component values can be
deduced by simple linear scaling. For
readers who wish to re-calculate circuit
constants, perhaps to satisfy the require-
ments of different units or considerably
changed listening conditions, the pro-
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Fig. 1. For the common-bass system the mid and upper-ranges use B110 and T27 drive units,
as in the original design. Graph shows axial response of B110 in a 1-cu.ft sealed box (upper
solid line). T27 curve (broken line) shows an upper crossover of about 4kHz is suitable.
Lower B110 curve shows axial response for a small, 0.33-cu.ft sealed box, for which slope
correction is needed (see Fig. 5). Acoustic response curves taken with a writing speed of

80mm/s and a paper speed of 3mm/s.
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cedure is given in a section at the end of
this article.

The component-scaling process is
straightforward. In all instances, suppose
the existing crossover frequency is /', and
the wanted frequency is f;. Suppose also,
for example, that the required frequency
shift is that necessary to lower the
crossover point (to raise it each multiply-
ing factor would, of course, be inverted).
In the feedback circuit to input 3 of IC,
(Fig. 2), either the two C values (33nF)
or the R values (2 X 56kQ and 36kQ)
must be increased in the ratio f; /f,. For
the Tr; input circuit increase either the
series C (to f;/f; X 0.033uF) or the two
shunt Rs (both to f,/f; X 62kQ).

Similarly, in the I/C, circuit, new values
are found for the input 3 components
such that either the 100kQ and 15kQ
resistors or the 33 and 68nF capacitors
are increased by the factor of f; /f,. The
Tr, input circuit is modified in the same
way as for 7r;.

As a further practical point relating to
the use of a single, combined bass
system as suggested here, note that the
power amplifier described in the first
article (Fig. 4 of the December article) is

30-50V ~25mA

3In3

easily able to provide the necessary drive
for a single unit taking Lf. signals from
both channels, or even from four channels.

Smaller mid and upper range stereo
units

With the optimum changeover point
between stereo and mono working now
established, it was necessary to construct a
pair of small enclosures with speakers to
produce the mid and upper audio frequen-
cies. Identical units to those already used
(KEF types B110 and T27) were used.

An obvious minimum requirement here
was that the bass response of the mid-
range unit must extend at least to 150Hz.
Past experience suggested that for this an
enclosure volume of about lcu.ft would be
suitable. Accordingly, a sealed box of this
size was made, with dimensions 10 X 20
X 9in. Damping was provided by a thick
coat of car underseal on all internal sur-
faces and the box was filled with about
+1b of long-fibre wool: an inside layer of
2-in. foam plastics material would be a
suitable alternative.

With the units installed, the assembly
was tested in non-reverberant surround-
ings. As the B110 axial response given in

+20-24V

high pass
section

+20-24V

{>3'5kHz )
]
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Fig. 1 shows, the arbitrary estimation
of enclosure volume was about right and
obviates the need for slope equalization
in the mid-range band-pass filters. The
T27 response curve, drawn dotted in
Fig. 1, shows that an upper crossover
frequency of 3.5 to 4kHz was suitable
here; the overall 6dB/octave slope is
easily offset by making the high-pass
filter Lf. roll-off more gradual.

Fig. 3 illustrates the three active filter
responses as finally set for the mixed
system. These curves are the voltage
outputs from the full circuit given in
Fig. 2, with R, = 33kQ, R, shorted and
R;, R;, C, omitted. Note that two each
of the band-pass and high-pass filters
shown in Fig. 2 are needed but only one
low-pass circuit

Overall response with combined bass
To check the overall acoustic output of
the total system, the bass speaker together
with a 1-cu.ft mid-range/tweeter assembly
was tested in non-reverberant surrounding.
Fig. 4 shows the complete response.

Note that only one of the stereo pair
was used to obtain the curve of Fig. 4
because large differences in phase response
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Fig. 2. Circuit diagram of active filter
unit shows mostly different component
values from earlier circuit (Dec. 1973
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Fig. 3. Active filter responses for common-
bass system. Curves are voltage outputs
from Fig. 2 circuit, with R, =33kQ, R,
shorted and R, R, C, omitted.

Fig. 4. Axial acoustic output for B139
unit in separate L.f. enclosure and 1-cu.ft
box using B110 and T27, in non-
reverberant surroundings.

Fig. 5. Correction circuit used in
bandpass filter to compensate for response
of 0.33-cu.ft box in Fig. 1. Other com-
ponents in (a) give part of the 18dB/octave
roll-off at the top of the passband (C,, R,)
and R determines in-band slope (see text
forvalue of R,).

between individual units of tane same type
(e.g. as exhibited by different examples of
the B110 unit) resulted in a spikey res-
ponse with almost complete cancellation
at some points. Such disparity in phase
performance is, of course, a well-known
failing of cone radiators; plane-driven
electrostatic speakers are much more con-
sistent in this respect. However, in normal
domestic surroundings, multiple reflection
tends to smoothr out such variations in
combined response and therefore largely
overcomes the problem.

Active-filter phase response

While on the subject of phase per-
formance, it should be mentioned that this
was an aspect of active-filter operation
which was carefully considered at an early
stage. For the full stereo installation out-
lined in the December article, the various
filter phase responses were calculated and
their combined effect on acoustic per-
formance tested. Specifically, this was
compared to performance with the con-
ventional passive-network equivalent. De-
tailed results of these tests have not been
given because they showed only that even
the largest differences in phase characteris-
tic, particularly those occurring in the
crossover regions, had little effect on
sound output. The one observable change
was a frequency redistribution, without
increase in amplitude, of troughs and
peaks in the overall response.

Even smaller stereo speakers

Although the combined-bass speaker
enclosure used in the mixed system can
be of any suitable shape and put in any

convenient out-of-the-way corner, the mid--

and upper-range assemblies must of
necessity occupy particular positions,
divided and directed so as to obtain the
intended stereo effect. But, in rooms where
space is at an absolute premium, even
the l-cu.ft enclosures used as above may
be too large. To meet this objection and to
exploit other properties of active filter,
notably their possible use in correcting
speaker response deficiencies, a pair of
0.33-cu.ft boxes was built (dimensions
8 X 6 X 12in) to form part of a modified
stereo/mono system using the same units
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as before, i.e. one B139 and two each
B110, T27.

Mid-range unit slope correction

The If. axial response of a B110 in a
0.33-cu.ft enclosure is given by the lower,
dashed, curve up to 1kHz in Fig. 1. This
shows that slope correction is needed in
the band-pass filters which provide input
signals for the mid-range units. An R-C
network feeding Tr, can be used for such
equalization. In Fig. S5a, the correction
network is re-drawn with appropriate
values. Here, R;, R; and C, give a 6dB/

octave bass lift over the required frequency
range as shown in Fig. 5b.

Components R, and C, provide a
similar slope as part of the overall 18dB/
octave roll-off at the top end of the pass
band. The value of R, determines the
amount of in-band slope obtained for the
whole circuit.

Using the values shown in Fig. Sa, the
band-pass filter output response is as
shown full line in Fig. 6. The other two
filter responses remain as before but are
included here to show how they relate to
the modified band-pass curve.
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Fig. 6. Filter response for small enclosure,
using values of Fig. 5 (a). Curves A and B
are obtained with high-pass part of band-
pass filter removed (by taking output from
Tr, emitter) and apply for an inexpensive
system using only the 0.33-cu.ft enclosures
(see Fig. 7).

Fig. 7. Axial acoustic response for B139
unit in separate enclosure and 0.33-cu.ft
box, in non-reverberant surroundings,
showing dip at 2kHz before and after
correction. Curve A applies when common-
bass unit is not used, and high-pass filter
of bandpass section is removed (to the
right of Tr,). Improvement at B is
obtained by making C, 100nF and R
270kQ.

Mid-range dip correction

Fig. 7 gives the axial response in non-
reverberant surroundings of the smaller
mixed system, i.e. of the single B139 bass
unit together with the B110/T27 combina-
tion in a 0.33-cu.ft enclosure. It shows
that the bass response has been con-
siderably improved, but there remains a
large dip around 2kHz. Fortunately, since
the response region requiring correction
occupies a narrow range of frequencies
mainly below the h.f. crossover point,
the dip can largely be filled by creating
a suitable peak in advance of the upper
band-pass filter roll-off. This is done by
adjustment of feedback over the first of the
741P amplifiers (JC, in the low-pass
section of the band-pass filter). Fig. 8,
which shows the roll-off characteristic for
a 741P gain setting of 2.74, achieved with
R, =47kQ and R, =27kQ (gain=1+R,/
R,). (Peak height can be changed by
altering gain slightly.)

With this modification to the band-pass
filter circuit the overall response appears
double-humped as illustrated in Fig. 6 by
taking the upper dotted curve. The re-
sulting acoustic response of the system is
then as shown in Fig. 7 with the broken
dip-corrected curve replacing the full-line
one between 1.2kHz and 3.8kHz.

Miniature full stereo arrangement

A simpler stereo system was set up by
using only the B110 and T27 units in the
0.33-cu.ft boxes, i.e. without the large
combined bass enclosure. This economy
also dispenses with about half of the
filter circuitry; the parts now required are
just the low-pass sections of the original
band-pass filters and the two unmodified
high-pass sections for the T27 tweeters.
Further equalization must be added to
give the B110 units extra Lf. response and
thereby compensate for the absence of
the B139 speaker.

In Fig. 6, the dotted line from 230Hz
to 20Hz (curve A) shows the output from
Tr, in Fig. 2. Because the IC, /Tr; circuit
is not included in this reduced-scale
system, it is therefore the low-pass
response applicable to signals feeding the
B110 units. The high-pass filters and
output characteristics remain as before.
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The axial response of one B110/T27
assembly (0.33-cu.ft box) as used for this
full stereo arrangement is given in Fig. 7
by taking the full-line curve plus dip
correction. above 200Hz and adding to it
broken curve A below this frequency.
Evidently, bass is still lacking below
100Hz. Curve B gives a possible 4dB
maximum improvement here, and cor-
responds with the curve B filter response
illustrated in Fig. 6. For such additional
I.f. output, C; in the correction network
(Fig. 2 or Fig. 5a) becomes 0.1pF and
R, is increased to 390k Q.

More bass boost than is shown by
curve B in Fig. 7 could be obtained by
other changes to the R-C network values,
but, whenever extra 1.f. response is sought
from the B110 in this way, there is a
danger that excursion of the cone driving-
coil might become too great; limiting and
consequent distortion is then inevitable.
For this reason such increased bass output
must be accompanied by a restriction in
overall listening level, especially for music
with a heavy bass component.

Note that both the A and B filter
curves give steady Lf. increase down to
about 80Hz after which the response
gradually levels off and the B110
characteristic takes over. This is a de-
liberate compromise. It not only helps to
overcome the problem of excessive cone
movement but also gives some protection
against spurious low-frequency signals
such as those caused by rumble.

Use of combined bass for

quadraphony

A mono-bass arrangement using active-
filter circuits to the design described in
this and the earlier article has been applied
to a quadraphonic installation. When con-
sidering the extension of a split-band,
multiple-speaker stereo system to quad-
raphony, the prospect of doubling-up yet
again on most of the equipment is a
daunting one, and any possible saving in
outlay—especially if this can be done
without reduction in performance—is an
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Fig. 8. Peak of appropriate height to
compensate dip in Fig. 7 obtains for
R, =27kQ, with R, =47kQ in IC, circuit.
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Fig. 9. Original active crossover design (December) can be improved by lowering upper
crossover frequency to 4kHz. New component values shown above.

attractive proposition. The use of a single
bass speaker-offers just such an economy.

Obviously, twice the (stereo) com-
plement of filters and amplifiers serving
the mid and upper frequency ranges must
be previded. For this quadraphonic appli-
cation, however, the only change
necessary in the basic circuit of Fig. 2
is that four mixing resistors, each of
200kQ, are now needed to combine the
Lf. signals at the input to IC,. Although
this input point is not a virtual earth,
there is no danger of crosstalk between
the four contributing channels because
their outputs are fed from constant-
voltage sources as represented in Fig. 2
by the circuit containing Tr, and Tr,.
Low output-impedance amplifiers in this
position were, of course, already a
necessity to prevent interaction between
the stereo channels and, equally impor-
tant, between the filters.

Although the foregoing outline suggests
that bass combination is as easy to
achieve for quadraphony as for stereo,
there is a difficulty which may arise con-
cerning the matrix system used and its
effect on channel combination at low
frequencies. In particular, the SQ coding
system, and more especially the better

QS system, which makes use of phase as
well as amplitude relationships to improve
separation, could create interaction prob-
lems at frequencies where the channels are
combined. If this happened, it would be
difficult to predict the subjective result;
it would certainly depend on the pro-
gramme content.*

Modification to original system

Readers who have either built or con-
sidered building the full 2 X 3-way
system may be interested in a modification
to the filter circuit given in Fig. 2 of the
December 1973 article.

The change concerns the upper cross-
over frequency which has been lowered
to 4kHz. In the original design, a 6kHz
crossover was chosen 'so that a direct
comparison of performance could be made
with the Radford FN10 passive network.
But as mentioned in pdssing (p.576 of that
issue), the subjective effect was improved
by shifting the crossover down by
2kHz; the reason for this improvement

*In mono reproduction of SQ and QS records,
sounds intended for the centre back are heavily
attenuated, and with QS records, left back and right
back sounds would be 7.7dB down on the front
sounds—Ed.
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was not obvious at the time. However,
subsequent discussion with the maker
of the KEF B110 unit revealed that
coupling between coil and cone becomes
increasingly less stable at frequencies
above about 3kHz (hence the response
peak at SkHz as shown in Fig. 1 of this
article). By reducing the mid-range res-
ponse in this region and making more
use of the available lower-end output from
the T27 tweeter, adverse effects from the
B110 are avoided.

Fig. 10 shows the relevant parts of the
circuit, taken from Fig. 3 of the December
1973 article, showing amended values.

Component layout. Photocopies of printed
board positive transparencies, together with
component layouts and a response curve
for the modified crossover, are available
from the Wireless World editorial office.
Please send a stamped and addressed
envelope for these.

Appendix

Circuit below applies to a low-pass
filter where C,, C, and R,, R, are the
component values to be determined.

Ry

R2

First, choose a suitable value for C,
(in pF) and thus find a value for a
number, k, where k=27C,f,. In this
expression, f, is the 3dB-down frequency
which can be related to a wanted cross-
over frequency (normally at the 6dB-down
point) by inspection of the appropriate
curve.

Next, calculate

C m:—";—z+ (G—1), where az\/2

maximally flat response, overall gain
G=1+R,/R, =2 (nominal value).
Hence,

Re
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Ce Cd
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R —-2 g .
AT giving the remaining values.
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' omk

In the high-pass case C .(uF) is chosen
to find k& from f, as before. Assuming
a=y/2and G=2
C,=C. (as chosen)

R — 0+ /d+8(G—1)
‘ 4.k
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Having thus established the basic curve
shapes, further adjustments will have to
be made to achieve the optimum perform-
ance. For example, Fig. 1 shows that the
T27 tweeter output tends to fall at the
higher frequencies and this tendency is
counteracted by moving f, for the 6dB/
octave section of the high-pass filter to
about 10kHz. This ‘softens’ the roll-off
shape and also gives the wanted rising
characteristic.

A similar technique was used to com-
pensate for unit deficiencies at the Lf.
end of the band. Other forms of res-
ponse adjustment, such as roll-off “corner
sharpening” and in-band dip correction are
achieved as already described by altering
the appropriate op-amp gains.

The above points are mentioned as a
guide to the various ways in which
active filters can be tailored to fit par-
ticular requirements. But, obviously, there
are as many combinations and permuta-
tions of adjustment method as there are
conditions to satisfy; it is largely a
matter of trial and error which form is
chosen to obtain the best result.
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Audio ‘74 at Harrogate

by Basil Lane

Harrogate, one of the popular watering
places of the North, is a charming town
that has all the advantages of graceful
architecture, beautiful surrounding country-
side and one of the most enjoyable annual
audio exhibitions in the calendar. What
makes it so enjoyable is not only the
friendly atmosphere generated by the
warm-hearted Yorkshire folk, but the
superb setting of the Majestic Hotel, venue
for the exhibition, and having grounds
that could grace many a stately home.

Suffice it to say that obviously Harro-
gate is one of the audio journalists’
favourite annual events. This year, to use
a cliché, it was bigger and better, with a
total of 80 exhibitors, many of whom seem
to have deserted the London shows for this
and similar events. Another outstanding
feature was the number of new products
being previewed, where one normally
would have expected them at the Audio
Fair, Olympia.

In reporting on these new products,
it is only possible to. describe those that
were seen (and heard!) and so some
apology must be due to those exhibitors
that I was unfortunate enough not to get
round to.

An outstanding impression was of a
polarization of extremes in demonstration.
On the one hand there were those with a
fairground policy of generating maximum
noise to attract visitors like bees round a
honeypot and those that chose a realistic
discreet—and also very popular—pre-
sentation that gave a better chance of
evaluation and after, conversation. Talking
to the proponents of the two philosophies
it was evident that although the big sounds
would fill a demonstration room in no time
at all, the real business seemed. to be done
by those who chose quieter demonstration
material.

Products on show

On the ground floor I have distinct recol-
lection of the AKG stand, since it had large
photographs of Playboy Bunny Girls and
when I was around—few visitors! A light-
weight headphone called the K140 was
being demonstrated for the first time to-
gether with some pickups for use with
acoustic guitars. The well-known importer

of Japanese products, JVC (UK) Ltd,
occupied a stand on the ground floor and
a demonstration room elsewhere and were
showing several extensions to their range
of products. The Model 1669U/F/S stereo
cassette deck represents the top of their
line of cassette recorders and features
their own noise reduction system called
ANR.S. (automatic noise reduction
system). Sonab seemed a little sombre,
perhaps because their electronics are all
in black cases. A range of omni-directional
loudspeakers went on show for the first
time, the OAl4 with a power-handling
capacity of 40W and containing five drive
units; the OA12, a little smaller, but still
handling 40W, this time via three drive
units and the OD11, smallest in the range,
a 40W unit with two drivers. Also on show
for the first time was the R3000 receiver, in
a smart unobtrusive low-line case.

Rank Radio International, on show
here but not, it seems, at the Audio Fair,
were predictably crammed out with audio-
philes anxious to see the new ranges
launched earlier this year at the Spring
Radio Show in London. Evidence of the
enthusiasm of visitors was shown in the
large attendances at the superb lecture
(more of a homely chat) given by their
technical staff at another hotel opposite.
This was a welcome flashback to the days
of Gilbert Briggs, containing something
for everyone.

National Panasonic are usually a popu-
lar stand for the visitor and their room
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was well packed much of the time. They
had chosen Audio ’74 for the launch of
many additions to both their own-name
range and also to the Technics Hi-
Fidelity brand. Notable .among the latter
was the RS676US cassette deck—a pre-
cursor to a new style which we will be
seeing much more of in the future. This
is the front-loading machine where all
controls are on the front, enabling other
equipment to be stacked on top. Claimed
to have a high performance (and a high
price), this machine excited considerable
interest.

It seems almost inevitable that every
audio exhibition will bring its collection of
new loudspeakers, each said to be the
finest things since sliced beans! Those I
spotted included a remarkable venture by
EMI-Keesonic into a hi-fi range of two. A
high performance unit, the 353, which
seemed capable of a phenomenal output
and a smaller “bookshelf™ unit, the 253.
The former. which I heard (and felt!) at
some length, sounded very crisp and I
noted that a professional record cleaner
was used extensively to avoid the obvious
intrusion of surface noise due to dust.

EMI were using, and raving about, the
Naim power and new pre-amplifier, of
which more later. Monitor Audio pre-
sented two additions to their range of
loudspeakers, the MA3 and the MA7, with
a nicely balanced programme of music.
Hayden Laboratories introduced the
American Fisher range which not only

W= 3

Fig. 1. One of the new Leak range of audio equipment, the 2100 amplifier.
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Fig 2. The Fisher 514 receiver forms part of a range of audio products inctuding
loudspeakers.

Fig. 3. A cassette deck by JVC featuring their own ;ise reduction sysiem. The model is
the 1669U/F/S.

vOoXsoOm

Fig. 4. Voxson equipment featured unusual styling and was coupled with a range of
matching furniture.
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included loudspeakers of unusual appear-
ance but a very comprehensive range of
quadraphonic receivers.

A new name to me, Voxson, manufac-
tured in Italy by an EMI Group sub-
sidiary, showed a stylish loudspeaker
together with a comprehensive range of
audio equipment and an interesting range
of integrated furniture. Taking a very
soft-sell line was Linn Products who had a
large and very nice sounding loud-
speaker, the Linn-Isobarik PMS, tucked
away in the corners of their room. This
was complemented by the Isobarik DMS
which has a unique and patented bass
“generator” concept.

Also in this room were the Naim Audio
Products including their new pre-
amplifier, the NACI2. A fascinating
feature was the complete absence of tone
controls and a specification which in-
cluded an overload capability in the
magnetic pickup input permitting a
maximum of 2V at 20kHz. Maintaining
this overload factor over the audio spec-
trum has been made possible by designing
the initial pre-amplifier stage to be linear,
with a small gain and then dividing the job
of equalization into two separate parts.
The NAP160 power amplifier was being
used with the pre-amplifier and is, to quote
the designer, “One of the few power
amplifiers  designed to drive loud-
speakers.” (1)

Not forgetting that tuners and receivers
need aerials, Antiference made an
interesting display of their latest product,
the Rotenna aerial rotator for either f.m.
or TV aerial arrays. Capable of providing
a rotation through a full 360°, the
Rotenna has a simple proportional control
in a neat box with a single '’knob on the
top surface.

One of the most amazing sights was to
be found at the Marantz room—a large
room with a wall completely shelved with
different types of audio equipment. The
demonstration was smoothly controlled
from a central disc-jockey console and
proved very popular with the public. New
models included a loudspeaker said to
have a revolving tweeter panel (!?) “so
that properly mirrored sound images can
be obtained”.

Sanyo showed a new cassette recorder,
the RD4600, which has a solenoid opera-
ted transport, ferrite head and variable
angle VU meters. The DXK 2000 receiver
was one of two new receivers also shown.

A new idea for FM tuners was
exemplified by the Toshiba ST-910
digital synthesizer tuner which incor-
porated an le.d. frequency display and a
computer-like memory capable of storing
information for preset tuning of up to
seven f.m. stations.

Finally to mention a publicity gimmick
that proved very popular. Scandyna, now
distributed by a new company, Scan-
dinavian Audio Systems Ltd, were issuing
circular stickers printed with a yellow
sun-like face carrying a broad smile, this
being over the company name. The
“smile” was an allusion to their new
product marketing manager, a jocular
(and always smiling) Bill Smiley!
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If
for trouble
you needn’t look
any further.

it's not only technicians who can see the
finer points of Eagle multi-meters.

Every handyman notices them too.

They're easy to read.

They're tough.

Their construction comes up to labora-
tory standards.

Even our inexpensive pocket sized
models have features you'd usually only find
on professional equipment.

Take a look through our catalogue.

You'll see over twenty models.

Specifications that would impress the
most experienced technician.

And a price range that takes in amateurs
as well as professionals.

We guarantee every one for two years.

With parts to service them in no time.

So you can confidently find fault in

anything. Lo
Eagle

The name on Britain's widest range of
electronic equipment.

Please send me the Eagle electronics
catalogue containing the complete range
of test equipment,

Name
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| :
| Addres: |
| I
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Eagle International Precision Centre Heather Park Drive
Wembley HAO 1SU Telephone 01-903 0144

WW—059 FOR FURTHER DETAILS
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HI-BALL
750

LOOKS DOWN ON
SPEAKERS TEN
TIMES ITS SIZE

Tucked away near the ceiling, Hi-Balls take up
no floor space, look good, yet produce sounds
which you would expect only from speakers ten
times their size-and five times their price....

‘ Power handling-45watts programme

@ -\:ilabie in white, black, purple, orange and
red with matt black rim

.8n impedance
‘ £36 per pair
‘ packed in pairs inhandy ‘carry-home’ carton

10 Goldsmith Street, Nottingham. Telephone:(0602)44223

Executive Audio Limited

WW—103 FOR FURTHER DETAILS
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Layout of circuit diagrams

The importance of standard patterns

by S. W. Amos, B.Sc., M.I.LE.E.

The circuit diagram is the most useful of
electronic diagrams. It shows how equip-
ment works, is used for maintenance and
as a source of information for preparing
other diagrams such as wiring schedules
and printed card layouts. Moreover, there
is a movement in the technical literature
on electronics, particularly that intended
to assist maintenance, to. reduce the amount
of conventional text and to present more
information on the circuit diagram: some
of the techniques being used were des-
cribed in an earlier article.* Because of
this increased emphasis on the circuit
diagram it is becoming more necessary to
make the diagrams clear and easy to
follow. Much time and frustration on the
part of the reader can be saved by taking
care in the layout of the diagram: on the
other hand poor layout can easily make a
familiar circuit unrecognizable. There is
little doubt that the importance of good
layout is insufficiently appreciated and it
is hoped in this article to underline its
importance by examining a number of
published circuit diagrams of analogue
equipment and showing how they can be
improved.

Circuit diagrams are read in much the
same way as a written or printed page of
text. The direction of signal flow in well-
laid-out diagrams is from left to right and
from top to bottom, the order in which
words are arranged on a page (and
incidentally the order in which the picture
elements are scanned in a television
system). The process by which a group of
component symbols is recognized as con-
stituting a particular circuit arrangement
is similar to that by which a group of
letters is recognized as constituting a
particular word. A word can thus be com-
pared with a basic circuit arrangement
such as that of the emitter follower. A
group of words constitutes a sentence and
a sentence can convey a thought or idea.
Similarly a group of basic circuit arrange-
ments can form an electronic equipment
capable of carrying out a particular func-
tion, e.g., a number of basic circuits to-
gether constitute an a.f. amplifier. If the
word order in a sentence is poor, the

*“Presenting maintenance information”, Wireless
World, October, 1973.
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Fig. 1 The standard patterns formed by the essential connections in the circuit diagrams
of a number of basic circuits are shown above: the circuits are identified in the text.

reader may be obliged to return to the
beginning of the sentence more than once
before the meaning becomes clear. Similarly
if the individual circuits of an equipment
are not well arranged so as to give a clear
signal flow in a circuit diagram, the reader
may have difficulty in understanding it.
Groups of sentences form a paragraph and
an electronic paragraph would presumably
be the full circuit diagram of a complex
item of equipment such as a television
receiver. The analogy could be pressed
further and it is possible to find electronic
equivalents to chapters and complete
books, but we can deduce a number of
valuable points from the analogy between
the smaller groups. For example, the
reading of text is impeded if words are
misspelt: this is equivalent, in circuit
diagrams, to arranging the symbols for the
compoenents of a familiar circuit in an un-
familiar way so that the circuit is difficult
to recognize. This occurs too frequently in
circuit diagrams and some examples are
given later.

Reading is also made difficult if the
words in a sentence are arranged in a
peculiar order so that several scans of the
sentence are necessary to reveal its mean-
ing. In circuit diagrams this means bad
arrangement of the basic circuits of an
equipment so that signal paths are- difficult
to follow, again a common fault.

When words are printed or written in
lower-case lettering, most acquire a
characteristic shape or outline. This is
conferred on them by the ascending strokes
of letters such as b, d, h and the descend-
ing strokes of letters such as g, q and y.
Experienced readers become so familiar
with commonly occurring words that they
recognize them at a glance from their
outline and have no need to appreciate
the individual letters of the words. The
distinctive outline vanishes, of course, if
the words are printed in upper-case letter-
ing: all words then have a rectangular
outline. This advantage of lower-case
lettering is understood by the authority
responsible for motorway signs which are
always printed in lower case. There is a
precisely analogous effect in circuit dia-
grams: the common basic circuit arrange-
ments can be recognized from the shape
conferred on the diagrams by the essential
connections. Fig. 1 illustrates these
characteristic shapes for a number of
common electronic building bricks. In
these the active element can be a valve or
a transistor and is represented by a circle.
Very few other component symbols are
shown (there are no resistors at all!) yet
few experienced electronic engineers will
have any difficulty in recognizing: (a)
common-emitter  (or  earthed-cathode)
amplifier, (b) common-base (or earthed-
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Fig. 2 An astable multivibrator drawn in
an unconventional manner.

. +

1

Fig. 3 A redraw of the circuit diagram of
Fig. 2 in'a more familiar layout.

Fig. 4 Two NAND gates interconnected
to form a bistable multivibrator.

LT
o

Ra

Fig. 5 A complementary multivibrator
circuit—but it doesn’t look like a
multivibrator.

+ —_

R4 R2

- -+
Fig. 6 A redraw of the circuit diagram of
Fig. 5. in this form it is clearly a
multivibrator.
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Fig. 7 Circuit diagram of a

stage in an f.m. receiver. .
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Fig. 8 From this redraw of
_ Fig. 7 it is clear that the

grid) amplifier, (c) emitter (or cathode)
follower, (d) phase splitter, (¢) multivibrator,
(f) Miller integrator, (g) Hartley oscillator
and finally (h) Colpitts oscillator. Clearly
if common circuit arrangements are to be
instantly recognized, the basic pattern of
the diagram must be preserved despite
elaboration of the diagram by signal-
injection, signal-removal, d.c. or bias
connections. Unfortunately the basic form
of the diagrams for the common circuits
is not always preserved: there is, to return
to the analogy, some bad electronic spelling
and a simple example is given in Fig. 2.

At first sight this appears to be a two-
stage common-emitter amplifier with feed-
back but more detailed examination shows
that the feedback is 100% and is positive.
Enlightenment now dawns: it is a multi-
vibrator circuit. How much moré obvious
this would have been if the circuit diagram
had been drawn in the conventional way
shown in Fig. 3. The crossing of the
oblique lines is the trade mark of the
multivibrator (see Fig. le) and should
always appear. There- is, of course, a
legitimate use for the circuit arrangement
of Fig. 2 and this is in teaching. There is
virtue in introducing the multivibrator
circuit to students as an amplifier with
two stages and 100% positive feedback. It
is perhaps more likely in future that the
multivibrator will be introduced as a

circuit is that of a Colpitts
oscillator.

circuit composed of two inter-connected
gates as shown in Fig. 4.

One of the ways of improving the
clarity of circuit diagrams is to avoid
unnecessary crossings of lines and thus
there is a strong temptation to draw the
circuit diagram of a complementary multi-
vibrator as in Fig. 5 where the number of
crossings has been reduced to the absolute
minimum of zero. Unfortunately Fig. 5
does not look like the circuit diagram of a
multivibrator and it is better to present
the diagram in the form shown in Fig. 6
in which the single crossover instantly
stamps the diagram as that of a multi-
vibrator. Fig. 6 introduces the complication
that the transistors must have individual
supply terminals but this cost is' worth
paying to secure instant recognition of the
circuit.

The confusion caused by bad electronic
spelling is worse confounded when the
circuits are more complex than those so
far discussed. Consider, for example, Fig.
7 which is the circuit diagram of a stage
in an f.m. receiver. It takes considerable
time and it may be necessary to redraw

d S b
the diagram several times before the
following features of the circuit become
clear: _
(a) It is a Colpitts oscillator with C,, and
C,, as the two fundamental capacitors (see
Fig. 1h).
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(b) The transistor is d.c. stabilized by the
potential divider and emitter resistor
method, R, and R,, forming the potential
divider and R,, the emitter resistor.

(c) C,; completes the resonant circuit
formed by L,, Cy, C;, Cy and the
varicap diode.

These are all essential features of the circuif
and should be emphasized in the circuit
diagram. There are doubtless several
possible layouts of the diagram which do
this satisfactorily. One possibility is shown
in Fig. 8. This shows C,; as an integral
part of the resonant circuit with C,, and
C,, clearly in series across L,. The
essential feature of the Colpitts oscillator
is that the inductor is effectively connected
between collector and base, the tapping
point on the capacitive potential divider
going to emitter. These connections are
clear in Fig. 8, the capacitive tapping being
returned to the emitter via C,,. Finally R,
and R, are arranged vertically in line, the

standard arrangement for a potential
divider.
Another example of bad electronic

spelling is the circuit diagram of Fig. 9
taken from the service manual of a
Continental hi-fi sound system. It is a
puzzling diagram and in particular it is
difficult to see how the loudspeaker can
receive an input, being apparently con-
nected between chassis and the supply line
for the early stages. The difficuity in read-
ing the diagram arises chiefly because a
number of the recommendations which are
normally observed in drawing circuit
diagrams have been ignored. The principal
points which need attention are the
following:

(a) R, and R,, the potential divider pro-
viding base bias for 7r, should be in line
vertically.

(b) The decoupling components R,, and C,
should be closely associated. R,, and C,,
are also decoupling components and
should be closely associated with each
other and to the remainder of the circuit.
(©) R,s, R, and D, constitute the collector
circuit of Tr, and should be arranged ver-
tically.

Fig. 9 Circuit diagram of an a.f.
amplifier.

Fig. 10 From this redraw of Fig. 9 the
circuit can be recognized as that of a
Tobey-Dinsdale amplifier.

+36V

(d) Trs and Tr; are a complementary push-
pull pair and should be in line vertically.
(e) Tr,y and Tr,, form a single-ended push-
pull output stage and should also be in line
vertically.

® R,, applies negative feedback to Tr,
emitter. Signal flow in this resistor is in the
opposite direction to that in the rest of the
circuit and it is usual to position such
resistors below the chassis line.

Even when all these points have been
attended to, there is still some freedom
in the layout of the diagram. One possible
version is given in Fig. 10, from which it
can be seen that the amplifier is a fairly
conventional Tobey-Dinsdale circuit.

Some words have alternative spellings,
e.g., jail and gaol. The electronic analogy
is a circuit which exists in two forms, i.e.,
with different names. An example is the
bootstrap circuit and its alternative form
can be deduced in the following way.

The circuit diagram of the bootstrap
circuit is given in Fig. 11. It is used to

R

=1

jaa

4] -~ -1}

Fig. 11 A bootstrap circuit.
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Fig. 12 A redraw of Fig. 10 with R, in the
collector circuit.

Fig. 13 The Miller integrator circuit.

generate a linearly-rising voltage across
C,. As C, charges through R, and R, , the
voltage across C, is transferred by emitter-
follower action to R; and then via C, to
R,. Hence the voltage across R, scarcely
changes during the charging process which
means that C, receives a substantially-
constant charging current: this is the con-
dition required to generate a linear ramp
voltage across C, .

In essentials Fig. 11 represents a tran-
sistor connected in series with a resistor
R; across a battery. R, is shown in the
emitter lead but it could equally be in the
collector lead and this change would make
no difference to the operation of the
circuit provided R,, R,, C, and C, are
connected to the same points as in Fig. 11.
When this is done the circuit diagram has
the form shown in Fig. 12. Now R,C, is a
long-time-constant network used to trans-
fer signals without change in waveform
from the emitter to R, R, junction. In
effect C, provides a signal-frequency
shortcircuit between these two points.
Such a network is necessary in Fig. 11
because of the difference in the zero-
frequency voltage level at the two points.
In Fig. 12 we can say, as before, that C,
provides a signal-frequency shortcircuit
between emitter and R, R, junction but
here C, can be omitted and R, can be
directly connected to the emitter. R, now
acts as an unnecessary drain on the
battery and can be omitted. The circuit
now has the form shown in Fig. 13. C,
charges from the battery via R, and R;
and the circuit operates in the same way
as Fig. 11. Fig. 13 is, of course, the Miller
integrator circuit and thus we can con-

clude that the bootstrap and Miller inte-
grator are the same circuit.

The analogy between text and circuit
diagrams has been used in this article to
underline the need for careful layout of cir-
cuit diagrams to achieve ease of reading.
Logical arrangement of basic circuits on
the diagram is necessary to give clear
signal-flow lines and the basic circuits
must be consistently presented in their
standard layouts to make them easily
recognizable. Some standard layouts and
some recommendations for the preparation
of circuit diagrams are given in B.S.3939:
Graphical Symbols for Electrical and
Electronics Diagrams. The analogy has
proved useful but is not perfect: what,
for example, is the text equivalent of a
negative feedback loop?

Portable television

camera

The new Marconi Mk.VIIIP colour
camera made its first appearance at the
International Broadcasting Convention.
The camera can be used with a stan-
dard Mk.VIII control unit and retains
the Mk.VIII features of automatic regis-
tration and colour balance. Three 1-in
lead oxide photoconductive tubes are
used and the viewfinder c.r.t. is a 1-in
type with magnifier.

The camera unit itself contains line-
scan output stage, the three head
amplifiers, a talkback facility and view-
finder electronics. An auxiliary pack,
shoulder-frame mounted or carried on a
trolley, contains field-scan and line
generator, video stages and power unit,
together with another talk-back station
to enable communications between

camera and auxiliary stations.
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Industry finances report

The 1974 edition of “Company financial
performance in the electronics industry”
has been published. This covers the latest
available results of over 300 of theindustry’s
major companies and reveals how the con-
sumer goods sector grew fastest of all up to
1972/73, while growth in the capital equip-
ment sectors was very much slower.

The report provides an insight into the
performance of companies in the industry
with an annual turnover in excess of £im.
It also enables comparisons to be made
between companies in the six sectors of the
industry covered and for the industry’s re-
sults as a whole to be compared with
previous years.

The report shows that the decline in the
industry’s profitability from 1969 halted in
1971/72 when pre-interest profits as a per-
centage of net capital employed reached
13.5%. By 1972/73 this had recovered to
20.1%. Only the computer sector recovered
less strongly, although the instruments
sector did not experience good profitability
throughout the whole period covered. The
sector with the highest profitability—con-
sumer goods—achieved the lowest export/
sales ratio, while the reverse was true for
the computers sector. The report for
1969/70, 1972/73 is available price £1
postage paid from Neddy Books, NEDO,
Millbank Tower, London SW 1P 4QX.

Sonex Europe 75

The annual Sonex audio exhibition will
take place at the Centre Airport Hotel,
Heathrow, during April 25-27 next year,
with two trade and press review days on
April 23 and 24. Organizers of the exhi-
bition, British Audio Promotions Ltd, de-
layed arrangements in order to meet the
Hi-Fidelity Group who have now made a
unilateral decision to continue with their
own private exhibition.

(' Corrections )

Reducing amplifier distortion. A. M. Sandman,
author of this article in the October issue, points
out the omission of a 1-pF capacitor in series
with the [00-kQ resistor in Fig. 11. In Fig.
10 the emitter resistors for Tr, and Tr; should
be taken to the —10-V supply. In the second
line from the bottom on page 369 (column
one) the equals sign should, evidently, be a
minus sign. Mr Sandman wishes to acknow-
ledge use of the facilities of the Research De-
partment of Anaesthetics at the Royal College
of Surgeons.

Novel stereo tuner. There are two small altera-
tions to the circuit of Fig. 6 in the April issue,
besides that mentioned on page 129 of the May
issue, Components C, and R 5 should be made
100nF and 470Q. In the printed circuit board
a connection from Tr;, (a BC179 and not a
109) emitter to the supply line was omitted.
In Fig. 14, the BC109 collector and emitter
annotations were transposed in error. If the
integrated circuit type TBA750 is used in place
of the SBA750, R,; should be made 8.2kQ.




Wireless World, November 1974

Opticalily coupled v.f.0.

A method for complete isolation of a high-frequency oscillator from
its load, using a l.e.d./photodiode-transistor combination

by A. K. Langford, G4ARY

The method of transmitting information
by amplitude modulation of a beam of
light is not new (e:g. “Light-emitting diode
—application to a short-path television
link”, Wireless World, Aug., 1964).
Normally the light is pulsed or voice-
modulated, but the transmission of high
frequencies has been limited by the
characteristics of .the incandescent lamp.
With the introduction of the light-emitting
diode, the frequency range of the trans-
mitting element was extended well above
the audio spectrum. This was followed
by the production of the optically coupled
isolator (o.ci.), which has the trans-
mitting element (a l.e.d.) and the detector
(a photodiode, or phototransistor) in close.
proximity within the same package.
Primarily, the o.ci. has been developed
for d.c. isolation in digital and analogue
circuits, in order to eliminate ground-loop
currents. They may also be used as re-
placements for pulse transformers and
mechanical relays. It is only recently, with
the introduction of high-speed o.c.is,
such as the 5082-4350 series and the
5082-4360 device by Hewlett Packard,
that the useful frequency range can be
extended to beyond 10MHz. This is quite
sufficient for most v.fo. applications in
amateur equipment.

The prime consideration in the con-

struction of a variable-frequency oscillator
is the long-term frequency stability with
respect to changes in ambient temperature.
Attention to careful layout and choice of
components can reduce this problem to
acceptable levels. A problem not so easily
dealt with is the frequency instability of
the v.fo. due to a varying load. For
example, when the v.f.0. is directly coupled
to a high-level mixer stage in a receiver,
or a modulated/keyed stage in a trans-
mitter. The usual procedure is to place
one or more buffer stages between the
oscillator and the fluctuating load. This
can introduce instability and noise because
of the loose coupling to the oscillator.
The optically coupled isolator offers a
simple solution.

The operation of the 5082-4350 series

is as follows. A light-emitting input diode.

is optically coupled with a p-n photodiode
which drives a high-speed transistor. The
GaAsP input diode emits photons in pro-
portion to its forward current. These
photons are received by the p-n photo-
diode detector and amplified by the tran-
sistor. The current transfer ratio
1 X 100 o

collector

Il.e.d.

is typically 11% for the 4350 device and
22% for the 4351. The 4360 package

screen
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50n
;L 180
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incorporates a linear amplifier driving
a Schottky transistor in the output circuit,
and exhibits a current transfer characteristic
of typically 600%, with an improved
frequency response (20MHz).

Although the 4360 is the best choice
for simplicity of design, because of the
high gain it offers, the 4350 device was
chosen as the most practical for amateur
Consequently, both the circuits
described in this article use the low-cost
5082-4350 device.

Circuit description

An emitter-coupled Colpitts-type oscillator
is used for the v.f.o. The bipolar transistor
chosen for Tr, is the low-noise 2N3707,
which in the experience of the author,
produces an oscillator with excellent
stability when used in this configuration.
The v.f.o. can operate over the range 1.5
to 5.7MHz, without changing either of the
feedback capacitors ‘in the emitter-base
circuit of Tr,. As this transistor is used
in the common collector mode, the l.e.d.
section of the o.c.i. can be placed in the
collector supply with little effect on the
operation of the oscillator. The led. is
forward biased by the 6mA current
flowing through 7r,, resulting in a d.c.
collector current in the photodiode tran-
sistor of typically 0.7mA.
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Fig. 1. Oscillator, optically coupled isolator and first stage of amplification.
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Fig. 4. Output curves of Fig. 2. Voltages
are peak-to-peak across the secondary
winding loaded with a 65Q carbon
resistor.
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The output stage of Fig. 1 is a broad-
band amplifier with d.c. coupling between
Tr, and Tr;. The output is maintained
(+1% over the frequency range of the
v.f.0.) at about 2V peak-to-peak, by the
automatic limiting control (a.l.c.) action of
Tr,and Tr;. Both the v.f.o. and the ampli-
fier stage are fed from a common 12V
regulated supply.

For greater output, a second broadband
amplifier can be added, Fig. 2. This in-
creases the output to 25mW into 65Q
from 1.5 to 5.7MHz. For simplicity, the
output from Tr;is coupled via a capacitor
to the base of Tr,. The method of biasing
Trs is unusual for an output stage, but
provides protection against overdrive or
v.hf. instability from a reactive load. The
power output may be increased con-
siderably by decreasing the value of the
220-ohm collector supply resistor for Tr,,
but care should be taken not to exceed the
ratings for the transistor by operating into
an incorrect load. The collector-to-output
matching device is a broadband trans-
former, constructed_as shown in Fig. 3.
The output voltage may be kept constant
by the action of the a.l.c. circuit, Tr; and
associated diodes. The output voltage is
adjustable by the setting of Tr,.

The circuit of Fig. 2 also provides for
keying of the output by <lifting” the
negative rail to Tr,, and simultaneously
switching 77, on, via the 56kQ resistor to
the base of Tr,. The 5uF capacitor and
the a.l.c. network produce a pleasant
keying characteristic.

Modulation may also be applied to the
base of Tr,, with forward bias provided
by adjustment of R,. The setting of R,
will be governed by the depth of modula-
tion required.

Construction

The oscillator section should be built with
particular attention to physical ruggedness
and good-quality components. The oscilla-
tor should be screened from the amplifier.
The prototype was built on a printed-
circuit board 6¢cm wide by 1lcm long,
and this was mounted lcm above an earth
plane. Because of the relatively high r.f.
currents present around 774, the bypass
capacitors should not be omitted from
the Tr,emitter rail. In the circuit of Fig. 2
an 82pF capacitor may be necessary from
the base of Tr; to ground to ensure com-
plete stability. This should not be required
in the circuit of Fig. 1.

L, is 42 turns of 36 s.w.g. enamelled
copper wire, close wound on a 6mm
former, with an adjustable iron-dust core,
and metal screening can. C, and C, are
chosen to give the required tuning range in
conjunction with adjustment to the core
of L,.

L, is a broadband transformer com-
prising 14 turns of 28 s.w.g. enamelled
copper wire, trifilar wound on a 12mm
od., 6mm id., 3mm-thick ferrite ring,
Fig. 3. The three strands of wire are
twisted together, for tight coupling, before
winding. The connections to the six free
ends are shown in Fig. 3.

Fig. 6. Assembled v.f.o0.

Conclusion

The 5082-4350 device can provide a useful
output without further amplification. When
used in the common emitter configuration,
with a 470Q resistor in the collector
circuit of the photodiode transistor, an
output of 200mV p.-p. was obtained at
SMHz. (The d.c. current transfer ratio
of the o.c.i. used in the prototype was
13% at 6mA input.) Greater output was
obtained at lower frequencies. However,
if the frequency range of the v.f.o. is to be
large, the output will need to be regulated
and further amplification will be required.

The performance of the circuit in Fig. 2
is shown in Fig. 4. The uppermost trace
is the output with no a.lc. applied. The
lower traces are with minimum effective
al.c. (2) over the range 1.5 to 5.5MHz,
and with maximum a.l.c. (5) applied.
The output can be reduced further by
taking the reference voltage (Fig. 2) from
the collector of Tr,. Although the output
waveform of the prototype appeared
“clean”, a low-pass filter should be used
if the output of the v.fo. is to be fed
directly to an antenna.

Keying of the final amplifier, and also
intermittent disconnection of the 12V
supply to the amplifier section, produced
no detectable shift in oscillator frequency.
A crysial oscillator was used as a reference
because the large changes in input signal
to the monitor receiver (a Lafayette
HAB800 A) were sufficient to “pull” the
first oscillator of the receiver.

Although the final design is relatively
complex, it must be realized that if a
narrow band is to be covered (e.g. the c.w.
band of 80 metres) then tuned inductors
may be used to advantage. However, the
present design can be used as a v.f.o. for
all of the 160- and 80-metre bands by
the switching of C,only.

For those constructors who prefer to
use integrated circuits, the construction
may be simplified by using an i.c. for the
linear amplifier section. The circuit around
Tr,and Tr;may be replaced by the Plessey
SL201B d.c. coupled 10MHz amplifier
(Fig. 3(a)). However, the current drain
is increased by 4 to SmA, and the supply

resistor from the 12V line is reduced to
330Q. A circuit was also built using the
more expensive SL612C (current drain
typically 3.5mA at 6V). This is a low-
distortion broadband amplifier with 70dB
a,g.c. capability, and the simple circuit
shown (Fig. 5(b)) gave a very good
performance.

The various circuits discussed in this
article have been used to demonstrate
the practicability of using an optically
coupled isolator device such as the H.P.
5082-4350, as probably the ultimate
solution to the isolation of a variable-
frequency oscillator in all types of
communications equipment.

(Sixty Years Agﬂ

Whoever it was had the idea of using “wireless”
as a means of communication between Austra-
lian farmers and central stations, Mr W. King
Witt, vice-president of the Wireless Institute of
Victoria, is the first reported propounder of the
notion in Wireless World. In an issue largely
preoccupied with news of the war, there appears
an unsigned report on a tour carried out by Mr
Witt, after which he was moved to point out
that the use of wireless would reduce ‘“the
terrors and disadvantages of loneliness”.

“In illness or emergency of any description
it would only be necessary for the farmer to seat
himself at this instrument and tap out with the
key before him his cry for help or his order for
a new cultivator. From the transmitter the
waves would flash like ripples in the ether, to
be gathered in by the cobweb of wires at the
central station; and in half the time that would
ordinarily be taken, help would be at hand, or
the new machine on the road. And, maybe, in
the evenings the wireless would crackle busily
with private gossip or invitations from one to
another ‘come round and see us’. *Thus
would loneliness be banished.”

According to the Australian High Commis-
sion, there are now around 8,000 licensed
operators, working with nine central stations.
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Digital television recording and quadraphonic broadcasting

Two engineers from the BBC Research
Department, A. H. Jones and F. A. Bellis,
demonstrated at the International Broad-
casting Convention an experimental mag-
netic tape machine for the digital recording
and playback of PAL colour television
pictures (as illustrated in our June issue,
p.185). Colour bars, a test pattern and a
few minutes of a light entertainment pro-
gramme were chown on monitors. The
machine is basically a 42-channel data
recorder using l-inch tape (the tape
transport supplied by S.E. Labs (EMI)
Ltd) and the digital information represent-
ing the signal waveform is recorded
directly on the tape without high fre
quency bias. Tape speed is 120 inches per
second—about eight times that of a con-
ventional transverse v.t.r.

The television signal is sampled at a
sub-Nyquist rate of 8.867MHz (twice
the PAL colour subcarrier frequency) and
the samples are digitized to give 8 bits per
sample. This flow of digital information
is then divided among the 42 tracks to
achieve a sufficiently low digit packing
density on the tape to be suitable for the
machine. In fact each track accepts and
delivers information at a maximum rate
of about 2.6Mbits/s, and with the tape
speed of 120in/s this gives a packing den-
sity of 22,000 bits per inch. The binary
code used for recording is called the
“delay modulation” or “Miller” code and
has been chosen partly because it allows
a clock signal to be extracted from the
data so that a separate clock channel is
not required. (See “Digital stereo sound
recorder” Wireless World, Sept. 1972,
pp. 432435 for details.)

Processing circuitry in the = digital
recorder consists of 42 identical p.c.
boards, each carrying all that is needed
to process the signal on one track for both
recording and replay. Control of these
‘boards is effected by “housekeeping”
circuits, pulses from which are distributed
via a bus-bar system. The division or “de-
multiplexing” of digital information into
the 42 channels—and the subsequent
multiplexing on playback—is done by
distributing the signal along bus-bars, with
multi-phase clocks to direct it into and
out of the appropriate channels. To
change  the recording format, all that is
needed is an alteration in the “house-

keeping” circuits (a relatively small job),
and the main processing circuits stay un-
changed.

Going back to analogue television re-
cording, RCA showed at the IBC a new
v.it.r.,, the TR-70C, which operates with
the proposed new “quad II” recording
format. This format, for PAL 625-line
pictures, is intended to improve machine
performance and provide a second pro-
gramme audio channel, but mainly to re-
duce tape consumption costs by operating
with a tape speed of 74 inches per second,
half the normal quadruplex recorder
speed.

Quad broadcasting

The aims of the National Quadraphonic
Radio Committee are to determine the
basic channel requirements from the
surround-sound reproduction standpoint,
to clarify the technical issues between
proposed systems that meet these require-
ments, and to fix f.m. signal specifications
based on the best available data. Formed
in 1972, the committee is sponsored by
the US Electronic Industries Association
and will report to the FCC early next year,
according to E. M. Tingley in a paper
given at the IBC.

Subjective listening tests were con-
ducted last year to assess the listening
characteristics for systems having two,
three or four transmission channels.
Closed-circuit tests of f.m. broadcast
systems proposed by five companies have
just been completed and over-the-air tests
are now being run.

The systems proposed basically differ
in their handling of a fourth transmission
channel, a third channel being accom-
modated with the existing stereo sub-
channel but in phase quadrature with it.
The third and fourth channels would
carry front-to-back and diagonal differ-
ence signals. The article starting on page
422 reviews the systems, but three of
them stand out as significantly different
from Dorren’s widely-reported system.

One of the two RCA proposals is for a
three-channel transmission system, pre-
sumably having the virtue of not con-
suming any more spectrum space. The
Zenith proposal is interesting in that an
option js the use of 57-kHz subcarriers

to provide signal-to-noise ratio improve-
ment with a companding technique having
variable pre- and de-emphasis. The con-
trol information would be in double-
sideband suppressed-carrier signals in
quadrature and the controis would operate
on the amplitudes of the four inputs at
the transmitter and the four outputs at
the receiver in a frequency-dependent way
to ensure tracking.

The system of especial interest is the
Cooper/Nippon Columbia proposal in
which the 38-kHz sub-channels would be
coded, while still having compatibility
with stereo receivers, to allow a quadra-
phonic performance to be obtained with
only a matrix decoder. Other things being
equal. this would seem highly attrac-
tive from the consumers’ viewpoint in that
existing receivers would not need con-
version—merely addition of simple 4-2-4
matrix decoder for quadraphony. The
three and four-channel options would pro-
vide the consumer with the maximum
amount of choice.

The results of the subjective listening
tests, without the f.m. link, will be pub
lished soon, and they covered localization
tests using bursts of a chirp signal with a
pink noise background to all four speakers
to simulate musical material. The results
are said to suggest that the amount of
crosstalk is a “major factor in influencing
listener acceptance” of musical quadra-
phony.

On the closed-circuit tests, adjacent,
alternate and co-channel interference was
assessed, together with signal-to-noise
ratios, intermodulation and multipath dis-
tortion, and the radiated spectrum under
worst-case conditions. For over-the-air
tests, being conducted over a 30-mile link
in San Francisco, subjective quality will
be assessed from recordings, and com-
patibility with mono and stereo receivers
in cars will be checked from recordings
made while the vehicle is driven over a
certain course.

SCA interference into the mono stereo
and quadraphonic services are being
checked, as well as the converse case,
where distortion and signal-to-noise ratio
and amplitude response are also assessed.
Amplitude, separation and single-tone
distortion versus frequency using a swept
sine wave are included.
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Non-linearity of air in loudspeaker

cabinets

Examination of distortion caused by different types of loading at

low frequencies

by H. D. Harwood, B.Sc.
BBC Research Department

In most work involving sounds we assume that air behaves as a perfect medium and that effects
due to non-linearity are absent. For the sound pressure levels at which most of us listen this is
indeed the case but considerably higher levels exist inside sound-producing devices. Distortion
due to the high sound pressures inside a horn' has been recognized for some time, but apart from
some claims as to the advantages of using the air stiffness of a closed cabinet, to the author’s
knowledge nothing has been written as to nonlinearity in cabinets. This article deals with the
various non-linear effects which are produced in different types of enclosure.

Let us start with the simplest case, that
of the closed loudspeaker cabinet.

It is well known that mounting a ldud-
speaker unit in a closed cabinet raises the
resonance frequency to an extent which
depends on the volume of the cabinet and
on the effective area of the cone. In some
designs the engineer has deliberately made
the stiffness of the enclosed air much
greater than that of the suspension/spider
stiffness as it has been claimed that the air
stiffness is more linear and that this
arrangement results in considerably less
distortion at low frequencies. In fact some
go further and claim that if the cabinet is
also filled with absorbent then isothermal
expansion and rarefaction take place and
that the air stiffness is then perfectly
linear. The argument is that if the usual gas
equation pv*=k is taken and y is made equal
to 1, then perfectly linear stiffness results.
That this is fallacious is evident if we
consider a rigid airtight piston with a
volume ¥ behind it in a cylinder. Suppose
we displace the piston forwards by a
volume also equal to ¥ so slowly that
we have isothermal conditions, then the
pressure falls to one-half the original value.
If, on the other hand, we slowly displace
the piston inwards from the rest position
again by a volume ¥, we have infinite
pressure, and the stiffness is clearly non-
linear.

Now we can calculate the non-linearity
due to various percentage volume displace-
ments of a cone in a cabinet and hence
the effect on amplitude assuming the air
stiffness to be the major component of the
mechanical impedance and isothermal
conditions. The sound pressure is the
double differential of the amplitude and
we can thus find the distortion due to
various volume displacements. In practice
this is largely second harmonic in nature.
Now it matters not whether this volume
displacement, and hence sound level in the

room, is caused by a small piston operat-
ing at large amplitude or by a large piston
operating at small amplitude, for a given
volume displacement we get a given sound
level at a given frequency. We can there-
fore draw up a graph relating the maximum
sound level in a given room volume for a
given size cabinet, cut-off frequency and
say 3% of second harmonic distortion,
independent of the size of loudspeaker
unit employed, but assuming that the
axial response/frequency characteristic is
uniform down to the cut-off frequency and
then falls off abruptly at 12dB/octave. This
graph is shown in Fig. 1.

As we would expect, for a given cut-
off frequency the volume required for the
cabinet increases with an increase in
sound level, and for a given sound level
decreases with an increase in lower cut-off
frequency. As an example for a cut-off
of 40Hz and a sound level of 105dB, a
volume of 65 litres (21cu.ft.) would be
required.
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Fig. 1. Relation between Sound Pressure
Level for 3% of second harmonic
distortion in room of 2000f¥ (60m’) and
volume of closed cabinet, assuming various
lower cut off frequencies and isothermal
conditions.

Several points should be noted here.
Firstly that since below the lower cut-off
frequency the moving system will be
stiffness controlled, the amplitude will be
constant as the frequency is reduced, so
that the distortion due to the air stiffness
is undiminished but as the frequency
characteristic is falling at 12dB/octave the
level of the second harmonic will be even
greater. A second point is that under these
conditions, for a given degree of distortion
at cut-off, the number of occurrences of
this distortion per unit of time will be
increased as the cut-off frequency is
increased, for the bandwidth over which
the distortion takes place is correspondingly
wider. Furthermore, since the distortion
is largely second harmonic in nature, it
follows that partial rectification is taking
place with a corresponding displacement
of the cone from its centre position, and
still further increase in distortion due to
non-linearity of the magnetic field, too.

Finally Avedon? has shown that it is
not possible in practice to obtain true
isothermal conditions by using normal
acoustic fillings, a y index of about 1.2
being the lowest he could achieve. From
this aspect the air-spring distortion will be
even higher than that calculated for Fig. 1.

In spite of its apparent simplicity the
air-spring type of loudspeaker is therefore
not as innocent as some of its protagonists
would like us to think.

Vented cabinet loudspeakers

A common method of reducing the
distortions associated with excessive cone
velocity and amplitude is to use a vented
cabinet, which also has the advantage of
increasing the range of the low-frequency
response. In this type of design, the
acoustic compliance of the air in the
cabinet resonates with the inertance of a
vent at a specified low frequency as a
Helmholtz resonator, and the device acts
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as an acoustic impedance transformer
presenting a high impedance to the rear
of the loudspeaker cone and a low
impedance to the air. Now a vent may be
divided into two extreme classes. It may
consist of a simple orifice, that is, a hole
whose length is small compared with its
diameter, or it may consist of a pipe whose
length is large compared with its diameter.
The acoustic radiation resistance of the
vent is independent of its area, and the
vent area is therefore often made much
smaller than that of the cone as this
avoids, or reduces, the need for a pipe in
series with the orifice to obtain a given
inertance. It follows, however, that the
sound particle velocity in the vent for a
given overall sound pressure must be
high. The vent is not streamlined and
therefore turbulence will be generated;
it is clear that this will be greatest when
the vent is short, and therefore have a
small area for a given inertance, so that
the velocity is correspondingly high. Some
guidance is therefore desirable as to how
stnall the orifice may be before appreciable
non-linearity distortion is generated. If,
however, a pipe is connected in series with
the vent in order to increase the area for
a given inertance, then distortion due to
the finite sound pressure or to turbulence
may take place in the pipe, and these
represent other design limits. These limits
are examined here to see how present high
quality loudspeaker designs lie with regard
to them and to obtain generalized design
data, applicable to any loudspeaker, for
this form of distortion.

The two main recent investigations of
acoustic non-linearity of orifices are by
Bies and Wilson® and Ingard and Ising*.
In both experiments Helmholtz resonators
were employed in order to obtain high
particle velocities, without the use of a
source of excessively high sound pressures
in the latter case, and in both cases to
enable short orifices to be examined. In
the former experiment the orifice was
28.5mm long and 90mm in diameter and is
therefore representative of actual vents in
loudspeakers; in the second case the
orifice was made much shorter to
emphasize the end effects and was only
0.lmm long and 6mm in diameter, thus
representing an extreme case. Note,
however, that in both cases the diameter
is much larger than the length.

Bies and Wilson show in their Fig. 1
that the acoustic resistance of the orifice
is constant for particle velocities up to
about 600mm/s, gradually rising in value
above this velocity as turbulence sets in.
Ingard and Ising show in their Fig. 21
good agreement with this conclusion,
although they indicate that the resistance
may not be perfectly constant even for
lower velocities. On the other hand, wave-
form traces are given in their Fig. 2,
which show no visible harmonic distor-
tion even for velocities* of 2.7m/s.

* Since the nonlinearity is in the orifice, which radiates
into the air, it is the velocity waveform wé are
concerned with not that of the pressure in the cavity
which is relatively sinusoidal.

As a compromise between these two
values it is worth examining a round
figure for maximum velocity of 1m/s. Note
that the figure for the critical velocity is
independent both of the size of the orifice
and of frequency. However, the total per-
centage distortion obtained for a given
sound pressure depends on the size of the
orifice, and there is therefore from this
point of view an advantage to be obtained
in using a fairly large orificeé in loud-
speaker design.

Against this conclusion is the fact that a
large orifice will need a pipe in series with
it to enable a given value of inertance to be
obtained, and when high sound pressures
are propagated along a. pipe distortion is
generated, in the first place mainly of the
second harmonic type.

Thuras et al’ give the second-harmonic
distortion in a planewave, e.g., in a pipe as
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Fig. 2. Minimum pure-tone sound levels at
vent resonance frequency in room of
2000/t (60m°) for various size orifices
and vent resonance frequencies before
nonlinearity is appreciable from orifice.
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Fig. 3. Minimum programme sound level
in room of 2000f¥ (60nt°) for various size
orifices and vent resonance frequencies
before nonlinearity.is appreciable from
orifice.
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where p, is the fundamental pressure in
Pa, y is the ratio of specific heats, w=2_f,
[ is the frequency in hertz, ¢ is the velocity
of sound in m/s, x is the distance in m,
and p, is the static pressure in Pa.

The levels of the third and higher
harmonics are appreciably lower than that
of the second harmonic. It is seen that
for a given sound pressure in the pipe the
distortion is independent of the diameter
of the pipe but proportional to its length
and to frequency. Increasing the diameter
of the pipe would for the same inertance,
requirec a greater length; however, the
sound pressure in the pipe would be less
and the resulting distortion would be
lower. Fortunately, in the present case,
the distortion is least at the low frequencies
at which a vent is used.

Finally, high sound pressures in the pipe
also involve high velocities, and turbulence
will occur in the pipe above a critical
velocity, the value of which is a function
of diameter. Reynolds showed for steady
flow the ratio vd/p is a constant, where
v. is the velocity in m/s, disthe diameterin
m, and 5 is the SI kinematic viscosity, i.e.,
the dynamic viscosity divided by the
density. In fact the constant, called Rey-
nolds number, is not really fixed but for
the present circumstances it is about 2300.

Note that in this case the critical
velocity is inversely proportional to the
diameter of the pipe with a corresponding
effect on sound powers available.

Distortion due to an orifice

From the information provided in the
previous section it is possible to calculate
the sound levels produced by orifices of
various diameters when the sound velocity
is the maximum specified and for vent
resonance frequencies in the range of
30-100Hz, values commonly used.

Olson® gives the peak amplitude of a
100-mm diameter piston mounted in an
infinite baffle and radiating a sound power
of 1 watt as 114mm at 40Hz, this being
equivalent to an r.m.s. velocity of 10m/s.
The far-field sound level in a listening room
of 2000ft> (60m? for an omnidirectional
source for this sound power® will be 102dB
wr.t. 2 X 107°Pa, or for a velocity of 1m/s
a figure of 82dB will be obtained. Now it
was shown elsewhere’ that the programme
spectrum is such that the power in an
octave band at 40Hz is about 10dB below
the peak signal level, and for a vent
velocity of 1m/s this would permit a peak
programme sound level of 92dB and pro
rata for other vent resonance frequencies.
To take a practical case, in which all the
low-frequency sound may be regarded as
coming from the vent, such as the BBC
studio monitoring loudspeaker previously
described” in Wireless World, the axial
response-frequency curve is —5dB at
40Hz with respect to the midband figure.
This means that for a vent velocity of
Im/s an overall peak programme sound
level of 97dB could be achieved. In fact
this loudspeaker is capable of delivering a
sound level of 103dB and no complaints of
bass distortion have so far been made.
It appears therefore that the criterion has
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been too severe and that owing to the high
Q of the orifice the change in total
impedance caused by a small change in
the resistive component is insignificant.
In other words, the level of distortion
generated for this value of vent velocity
is too low to be audible.

It would appear to be more practical
therefore to take the figure from Ingard
and Ising just below the one which gives
detectable waveform distortion, particularly
as their experimental setup represents an
extreme case and will therefore err on the
safe side. The figure for vent velocity is
then some 5m/s, i.e., 14dB higher than

- before, in which case there is some 8dB
in hand in the case of the studio monitoring
loudspeaker mentioned, before appreciable
distortion is generated. As could be
expected from the cause of the non-
linearity, the distortion is symmetrical,
i.e., consists essentially of odd-order
harmonics, largely the third, provided the
vent is also reasonably symmetrical.

It is possible to draw up a set of
criteria for the maximum pure-tone sound
levels at the vent resonance frequency
which should not be exceeded for vents of
various sizes, and the corresponding peak
programme sound levels which can be
generated, assuming theresponse-frequency
characteristic of the loudspeaker to be
uniform down to these frequencies and the
spectrum distribution to be that previously
determined. These two sets of criteria are
shown in Figs. 2 and 3. For this purpose
the curve of programme spectrum’ has
been regarded as a straight line over the
frequency range concerned. The error is
less than 1dB, and in view of the data this
simplification is fully justified.

The 